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Ahitract. A second specks of the genus Ahexaroptrum Kaszab, I960, A. schawalbri sp r.. is described from die 
Cameron Highlands in West Malaysia and compared lod kumendens Kaszab. I960. Male genitalia nnd habitus of 
both species bio illustrated and a key to the species of Ahexaroptrum is given 

Taianoniy, new species, bio no my, key, Culeoptcm, Tenebrionidac. Coelomctopiaae, Ahexaroptrum, Oriental 
region 


INTRODUCTION 

The description of the mouotypic genus Ahexaroptrum Kaszab, 1960 was based on two speci¬ 
mens of A humcridens collected in West Malaysia. Since Kaszab's description no information 
about this taxon has been published. The author collected the genus on one of two known local¬ 
ities in January and June 1995. Adult beetles were found on a sevcral-ycar-old clearing close to 
the base of the Jasar mountain in the Cameron Highlands. The material contains A. hurneridens 
and one new species which is described below. 

MATERIAL AND METHODS 

All measurements used for the description of the new species were made on the holotypc The variability of measured 
characters was not significant if not mentioned otherwise. Total length of a species is distance from the clypeus up to clytral 
apex when the hcac is in natural bent position The position of a tooth on the inner margin of me so- and metafemur is giver, 
in respect to maximal length of the femur. Square brackets used in the text indicate author’s remarks 

Specimens of the newly described species arc always provided with one printed red label: ..Holotypc (or Paratype) 
Ahexaroptrum schawalttri&p. nov (handwritten) S. Bedvaf dct. 1997 (or 1996)“. All material studied is deposited in the 
following collections (the number of specimens examined is found in the abbreviated form, c. g. I HBCH means I specimens 
in the Collection of H.J Bremer, Heidelberg, Germany): 

HNHM Hungarian Natural History Museum, Budapest, Hungary (O. Mcrkl) 

HBCH - Collection H. J. Bremer. Heidelberg, Germany 

JFCH - Collection J. Ferrer, Hanir.gc, Sweden 

KMCY - Collection K. Masumoto. Yokohama. Japan 

MLCS -Collection M. UUig,Saartrik:kcn.Gcnnany 

MNHN - Museum National d'Histoire naturcllc, Paris, France (C. Girard) 

NMPC - National Museum Prague, Czech Republic (J. Jclinck) 

SBCB - Collection S Bo*v4f, Ccskc Budfijovice. Czech Republic 

SMNS - Sraailichcs Museum fur Naturkundc, Stuttgart, Germany(W. Schawallcr) 

RGCT - Collection R. Grimm. Tubingen, Germany 
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SYSTEMATIC PART 

Ahexaroptrum Kas/.ab, I960 

Ahexaroptrum Kaszab. I960: 291. 

Tvn Mints. Ahexarhoplntm huinerlderu Kas/.ab. 1960:292 (by monotypy) 

Diacjnosis. Body elongate, (length 16.5-19.7, width 6.7-S.2), strongly convex; colouration pi¬ 
teous. Pronoluin subiteinispheric, nearly as long as wide, smooth. 

lilytra with conspicuous humeral tooth; clytral base flattened, elytra! disc strongly convex, 
posteriorly with more or less developed intcrstrial swellings. Legs long. Femora claviform. Ae¬ 
deagus strongly flattened in dorso-lateral view. Parameres broad, with widely separated apices. 
Each paramerc w-iih an acute, median, dorsal projee tion (forming a „pouch“ for the apex of 
penis). Perns with base enlarged, drop-shaped in ventral view; apex very slender, pointed. 
Bionomy and distrihutiw. Doth known species are crepuscular and nocturnal tenebrionids liv¬ 
ing on the trees in forested highlands of West Malaysia. Larvae arc unknown but very probably 
live in rotting wood. Adults probably do not fly. Two examined specimens were found to be 
slightly brachypterous, with metathoracic wings about as long as elytra. 

Taxonomy. The shape of the aedeagus suggests that the genus Ahexaroptrum stands In a rather 
isolated position among other related genera. Only some species of the genus Derosphacrus 
Thomson, 1858 have a similar shape of aedeagus (sec figs 95-100 in Kuscub 1987). 

Kaszab (1964) placed Ahexaroptrum close to the genus HcxarhopaSus Fairmaire, 1893 with 
out giving any explanation. However, at least two other genera, Derospkaerus and Ashoiodcs 
Fairmaire, 1893 should be taken into consideration when evaluating the phylogenetical status of 
Ahexaroptrum. 

The present paper retains Ahexaroptrum in the tribe Coelometopini of the subfamily Coelom 
etopinae. This placement is in accordance with the conclusions of Doyen & Tschinkel (1982), 
who on the basis of phylogenetic analysis placed the genera Derosphacrus. Misolampidius, and 
Necrobioides in the Coelometopini and coelometopine lineage. All the genera mentioned above 
and many others appear to represent a rich group of probably monophyletic clades of Coelonie- 
topinac genera The important synapomo rphic character of this diverse group sccins to be 'die 
claviform femora. A thorough phylogenetical analysis of the enormously diverse subfamily Coe- 
lometopinae is highly needed. 

Key to the species of Ahexaroptrum 

1 (2) Elytral inlcretriac convex posteriorly, lntcrstna 3.5,7 and 9 more distinctly convex, with several obvious tubercles and 
longitudinal swellings in posterior half (Fig. 7). Males without a tooth on the inner margin of meso- and meiafcmur. 
Apex of male protibia or. the inner margin only slightly dilated. Aedeagus as in Figs 1.2 and 3. Parameres moderately 
wide, their maximal combined width 4.6 times as large as maximum width of perns. Both cmargm3lions between mcsal 

margin of panmcrcs and median projection combined broader than penis. A humeridevs Kaszab. 

2(1) Elytra] iotcrstriac flar. lntcrstna 3.5, 7 and 9 only with several reduced and fine swellings in posterior half (Fig. 8). 
Males with a tooth or. the inner margin of meso- and metafemur at basal 0.25-0.3. Apex of male protibln on the inner 
margin dilated and tooth-shaped. Aedeagus as in Figs 3,4. ar.d 6. Parameres very wide, their maximal combined width 
6.5 times as large as maximum width of penis Boih cmarginations between mesa) margin of parameres and median 
projeetio n combined obviously narrower than penis..... A. sehcwalteh sp. n. 





Higg 1-4. Acdengl of Ahtctam/Urum spp (1 -3 ventral view', 2-4 lateral view). 1-2 A. humerutrnx Kas/ab 3-4 A v« ha- 
Avllen sp. n. 
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Figs 5-8. 5-6 Aedcagi oi'Ahexampirum spp. (apical portion of paranwres ventral view). 5 - A h turn mien s K .iwab ft 
A whxwatleri sp. n. 7-8 - Rodv shape of Ahexum/Arum spp 7 A htimeni/ens Kas/ah (male, length 17.3 mm). 8 A 
sthawilleri %p n (hololype, length 17.7 mm). 
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Ahexarhoptrum humeridens Kasznb, I960 

(Figs 1,2, 5, 7) 

Aheiurhvptntm hunttvidctu Ka&uib. I960 292 (by :nuiioly|i>-) 

Tv« material. The hololypc ( not examined) is deposited in The NaPira’ History Mutount, T-umlon. I .’nilet? Kingdom | West 
Malaysia!, Perak, Taiping;!Valypc (examined). I HN'HM: [WestMalaysia],^nbeng,Cameron'i Highland. Rhododendron 
Hill, 5200 ft, 13 x. 1921 

AnomciNAj-MAiiiuAi I male SBL'B West Malaysia, Pahang, C. Highlands. Tanaft Rata, 20.-25.1.1995 Gn.Jasar, 14-1500 
m.lgLS I mole KMCY: Malaya [West Malaysia], Cameron Highlands, 26AI993.il. Kambolcg.; f frmnlc 

JFCHiMaiaysia,Camera:Highland, lO.iii.l9RI.rat K A.Pchrson. 

Distribution. West Malaysia. 

DiFfeBCNTiAL diagnosis. See the key tor the separation from A :chawaiieri sp. n. 


Ahexurhuplrum schawullcri sp. n. 

(Figs 3. 4. 6, 8) 

HotOTVft. Mile NMPC: West Malaysia. Pahang, C. Highlands, Tanah Rau, 20.-2S.1.1995 fin Jasar. 14 1500m. Igi. S. 
DcCvifj.&s. 

Parmvpfs 1 maleorid2fcnialasSRCR. 1 malcHBCH, l maleKMCY, I nuilcMLCSrs-uncdilaai Mo<>pc;4!naIssand 
3 females SBCB. I rule RGCT; 19. 25.6 1995. Igi. S. Bcevaf, other dal* Oi th; hololypc; I SMNS: [Wcsi| Malaysia, 
Cameron Highlands, tin. Bnr.diang.20iv. 1990leg. A. Riedel; 2 males. 3 lcmalcs JFCH: Malaysia, Pahang. Fchmary 1994, 
Kampong Raya. Igl. Jdrgcn Nielsen; I HN'HM: Malaysia. Pahang, Cameron Highlands, Trim Rata, Cuming Beremban. 
mountain ram forest, Iron beneath nark A from hrarkol fungi, 1700m,28.iii.l995.#92.(lgl.)O. Makl I female MNHN: 
W Malaysia.Camenin Highlands 3 x 1973,CC Ckualcg; I female MNHN: W-Malaysin. Cameron Highland*, 9.i|.197A. 
C. C. Chua leg 

Description. Body elongate and strongly convex, colouration piceous, integument slightly shiny, 
microshagreentxl, glabrous and smooth, Legs with developed sexual dimorphism. 

Head widest in level of eyes, narrower than pronotum in ratio 0.68, minutely punctured, 
dorsaliy flattened. Fronto-clypeal sulcus widely U-shaped, reaching clypeal margin, its base 
impressed. Anterior margin of ciypeus straight. Genae robust, rounded, moderately upturned. 
Eyes moderately large, vertically reniform, anterior margin moderately concave. Ocular sulci 
not developed. Antenna 1.05 times as long as pronotum. 

Pronotum convex, subhemispheric, broadest at midlength, nearly as long as wide; pronotal 
margin moderately fully rimmed; basal rim strong, shortly continuing on smooth, not punctured 
hypomeren. Disc smooth with minute punctation. 

Elytra obovate, 1.64 times as long as wide, 2.4 times as long as and 1.43 times as wide as 
pronotum, highest at midlength, broadest in ca. posterior 0.3. Disc in basal ca. 0.1 flattened, 
then regularly and strongly convex. Interstriae flat and microwrinkled. only first intcrslna slightly 
convex posteriorly; interstria 7 with a prominent, basal tooth; interstria 3. 5, 7 and 9 with 
several fine swellings in posterior half of elytra. Elytra; striae fine, not impressed, stria! punc¬ 
tures very- fine a nd sparse. 

Prostemum and hypomcron nearly smooth; piostemal process with shallow median groove, 
rugose apicaily. Mcsosternum rugose with sparse hairs and w-ith short median carina in anterior 
portion, smooth posteriorly. Metastemum rugose on anterior process, smooth posteriorly. Ab¬ 
dominal ventrites finely longitudinally wrinkled and/or finely punctured. 

Legs robust, relatively long. Femora clavifotm,obviously thickened towards apex. Inner margin 
of meso- and metafemur with a blunt tooth at basal 0.25-0.3. Tibiae straight, very slightly 
thickening apicad; outer margin of protibia slightly flattened and concave in apical 0.3; inner 
margin of male protibiu more dilated and tooth-shaped apicaily. 
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Aodeagus (Figs 4, 5 and 6) strongly flattened dorso-vcnUally; apices of parameres widely 
separated; parameres very broad, their maximal combined width 6.5 times as large as maximum 
width of penis; both emarginations between mcsal margin of paratneres and median projection 
combined obviously narrower than penis. 

Female. Inner margin of protibia without apical tooth. Inner margin of middle and posterior 
femora simple, without a rooth. Ovipositor feebly scierot.sed, simple, slender, apex with long 
and sparse setae. 

Lemith. 17-19.7 mm (holoiype 17.7 min), width: 6.7-8 nun (holotype 7 ram). 

Distribution. West Malaysia. 

Difverhntial DIAGNOSIS. See rhe key for the separation from A humeri dens. 

Namf derivation. i take a great pleasure in naming this species in honor of Wolfgang Sclia- 

waller (Stuttgart), a renowned Tcncbrionidac specialist. 
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Abstract. An (dispensable step of any couraarjlivc study is the testing of a enneordar.ee between distribution of 
phenolic (tails ar.d evolutionary hisicry of the taxon under study. We present a computer pre-gram PTPT which can 
perform these testing on the basis of a permutation tail probability lest. The program that can also perform ilm 
permutation tests analogical to t-test. analysis of var lance fANOVA) ami to cc-rreljilionursilysis is available alhllp:/ 
<www.karliu.iTff aini.C7/-7Aboj'j»tpl. 

Per mutation teU, phytogeny, phylogenetic tree, program, ^riuile. Jvxoplaima, f'rkhomonas 


The testing of eoneurdunce between Ihe distribution of a particular trait and the evolutionary 
history of a taxon is a principal task of all comparative studies. 'Ihe distribution of a trait within 
the taxon can reflect either distribution of a common function and therefore of a common selec 
tive pressure pattern (the species subjected to the same selective pressure have ihe same trait) or 
the evolutionary history of the taxon (the phylogeneticaily relative species share the traits) (Har¬ 
vey &. Pagel 1901). The existence of statistically significant association between the distribution 
of the trait and the position of the taxon within the genealogical tree indicates die validity of a 
null hypothesis, i. e., tlx: distribution of the trait simply reflects a random process - the evolu¬ 
tionary history of the taxon cladogcnesis (Archie 1989). 

Several approaches are being used for testing this null hypothesis depending on the type of 
data (character set/distance matrices) of the studied trait. If the trait is described by character 
data, a cladistic analysis can be performed with forced tree topology (reflecting the already 
known cladogcnesis of the taxon). The consistency index provided by common cladistie pro¬ 
grams can be used as simple measure of Ihe degree of concordance between distribution of the 
trait and the phytogeny. 't he null model can be tested by a permutation taif probability lest 
(Moore ct al. 1994). If the Uait is described by distance data, Mantel tests can be used to test one 
or more hypotheses (independent variables represented as matrices) against an observed pattern 
(dependent matrix) using (partial) regression or correlation (Thorpe 1996). 

The later method is more universal because any character data can be transformed to distance 
matrices However, before analysis the distances should he corrected for differences in rales of 
evolution in different btanches of phylogratn. Moreover, no integrated software is available 
neither for Mantel test nor for other important types permutation tests. 

Recently wc developed program PTPT for various types of permutation tail probability tests, 
including those for analysis of concordance between distribution of traits and phylogeny. The 
program can analyze die qualitative and quantitative character data as welt as the distance 
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man-ices The phylogenetic free can be entered in usual parenthetical format. The average dis¬ 
tance between sister OTUs (operational taxonomic units, i. e., sister strains or sister brandies of 
the tree) is calculated (or read from a distance matrix) and used as a measure of concordance 
which is tested in one-sided or two-sided permutation tail test (Manly 1991). The program can 
either generate all possible permutations of terminal branches of the tree or the number of trees 
to be generated can be user-defined. Usually 500(1 random trees provide stable estimation of p- 
value and can be generated by ordinary PC within seconds. 

EXAMPLES 

Example 1 - Concordance between the pathogenicity and genealogical relationship of Tri¬ 
chomonas vaginalis strains 

Pulhogenic effects often 71 vaginalis stiains on donor female patients were assessed by clinical 
and hisropathological findings and rated by five arbitrary units (0 no effect, 4 the most severe 
effects) (Kulda 1989) (page 148). The phylogenetic (genealogical) tree of tr.chomonad strains 
obtained from DNA-fingerprintmg data by Neighbor Joining method was (l((((((Tv“9~49 Tvl 0 
02) Tv7.1-87) Tv67—77) Tv7-37) Tv 14-85) Tv 85-0R) Tv7l-96) (FF28 JF1-3I A)) and the path¬ 
ogenicity indexes were 1, 1, 2, 2, 4. 4, 2, 2, 0 and 0, respectively (Fig. I). The concordance 
between position of the strain within the tree and the pathogenicity indexes was estimated by a 
permutation test 

At first w-e can run the PTPT program with the option -h to receive a help screen: 
input: 

W -h 
output: 

usage PTPr lup4ioi»J l tile] 

-h help 

v verbose.print partial results 
-V Verbose, pnru pcrmuiauons loo 
-s suppress outpur of final results 
-m seed f cl seed for random generator, >=0 
n nr sal number of random pcrmiitalrors.>-0 
-a gcnciiiioaiul icsi all permutations, overrides n 
-o lik redirect output lo file 
-x variance iesc-M is ignored 
-c corrdation tosr, -M is ignored 
-M file read matrix f Ic 

With no FILE, read standard input 

Then we can test the concordance using standard (prompt line) input: 

■>prpt -n 5000 <TNTCR» 

the program waits for standard input, we can type a tree with pathogenicity indexes: 

((((((((I l)2)2W)4>2>2X00»<ENTER> 
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Within seconds we will obtain the results: 

Resuki: 

Less: fOI 2.02% 

Equal: I 002% 

Greater 4S98 

Alternatively, we can prepare the rext fife PATHO containing the Lee with pathogenicity index¬ 
es and then run the lest typing the following command: 

>p:pt -n 20000 PATHO <EKTER> 

We will obtain practically identical results, 426 (2.13%) less, 3 (0.015%) equal and 19571 
(97.9%) greater. The results indicate that there is only approximately 2% probability of obtain¬ 
ing the same or better concordance between pathogenicity of T. vaginalis strain and its position 
within the genealogical tree by chance. Therefore, our experimental data suggest that pnyloge- 
neticaiy related strains of T. vaginaialis express similar pathogenic effects. 


Example 2 - Influence of Toxoplasma gondii Infection on human personality 

The program PTPT can also perform the permutation tests analogical to t-test, analysis of vari¬ 
ance (ANOVA) and to correlation analysis. The permutation tests can be used for non-normally 
distributed data and are generally more powerful than analogous r.on-paramctric tests (Manly 
1991, Adams A Anthony 1996). 

We obtained personality data (Cattell 1970) of 1% women tested for latent toxoplasmosis 
during gravidity. The average intelligence of 158 Toxoplasma tree women was 8.3 and of 58 
Toxoplasma infected ones was 8.9 on a 10-point scale. The results of F-test showed the differ¬ 
ence. in variances of infected and uninfected subsets (p=0.048). Therefore, the difference in 
intelligence must be tested with nonparamctric tests. The results (p) of Kolmogorov-Smirnov. 
Wa!d-WoJft>w;rz runs rest and Mann-Whitney U test were >0.1. 0.023 and 0.076, respectively. 

To test the difference in intelligence between toxoplasma infected and toxoplasma free wom¬ 
en with PTPT we prepared the text (ASCII) file TOXOTXT with 196 lines (one line for every 
subject) containing two numbers, the intelligence and the code of toxoplasmosis status (,,1“- for 
toxoplasma free and ,,2'' for toxoplasma infected) 



Tv79-49 (1) 

Tv 10-02 (I) 
Tv73-87 (2) 


Tv67-77 (2) 
Tv7-37 (4) 
Tvl4-85 (4) 
Tv85-08 (2) 

Tv71-96 (2) 
FF28 (0) 

JH-31A (0) 


ft, 1. Phyjogcnctic tree for «=n strains of Trichomona* vaguvtis. The numbers hr pa.cnlh.cscs indicate the pathogenicity 
indexes- Kulib(19tW): page 148. 
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Then we run the program typing a command: 

>PTPr -n 5000 -K TOXO.TXT <ENTER> 

Within a minute (using a computer 486DX2, 66 Mhz) we obtained the results: 

Less: 64 1 22 % 

Equal: 0 0% 

Groata 4936 98.7% 

In an agreement with a theory the permutation test was the most powerful from our battery of 
statistical tests. 


Example 3 — The correlation between the duration of toxoplasmosis and the amount of a 
personality shift 

The same data set as in the example 2 was used for testing correlation between duration of 
chronic toxoplasmosis and amount of the shift of a personality factor A (Sizothymia x AfTec- 
tothymia) (Cattell 1970). It is known that Toxoplasma infected women have significantly higher 
factor A (higher Aft'ectoihymia), i. e., they are more warmhearted, outgoing, easygoing (Flegr et 
al 1996). To find out whether the toxoplasmosis induces the increase of the factor A or whether 
the women with higher factor A have higher probability of Toxoplasma infection it was neces¬ 
sary to test the correlation between duration of the infection and the change (decrease) of the 
factor A. Ibe duration of the infection can be assessed on the basis of decrease of anti-toxoplas¬ 
ma antibodies tilre. To test the correlation between the antibody litre we prepared a text file 
ANTlBODY.TXT with 58 lines containing the factor A and antibody litre for every 58 toxoplas¬ 
ma infected women. Then we run the program typing: 

>P»PT -n 20000 -c ANTmODY.TXT 

Within a minute we obtuined die results: 

Lew: 337 1.69% 

Equal: 3 0 015% 

Greater: 19660 983% 

To eliminate the effect of age of the subjects we can compute age residuals using linear regres¬ 
sion between factor A and age of the subject using any statistical program and then preparing the 
text file RESANTI.TXT containing these residuals instead of factors A. The PTPT analysis of 
this file provided the results: 

Less: 245 1.23% 

L'qual: 0 0% 

Greater: 19755 988% 

After elimination of the confounding variable age, the result (p=0.0l23) was highly significant. 

CONCLUSIONS 

The program PTPT offers a very powerful and efficient tools for testing a concordance between 
distribution of phenetic traits and evolutionary history of the taxon. It offers also very powerful 
tests for statistical analysis of non normally distributed data. However, with large data sets the 
lime-efficiency of permutation techniques is rather low and rapid computers are necessary to run 
the analyses. The program PTPT is available at http://www.karlin.mff.cutii.cz/--zaboj/ptpt. 
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BOOK REVIEW 
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lag, 1994.458 pp Format 175x250 mm Sufteovcr,price *Fr 148. , DM 168.-, Uig6S. rSRN 3 7643 3750 8 

This volmneprKcnTsa comprehensive handbook on polymerase chain reaction (PCR). Edited by Kary Mullis, Ibc inventor 
OTPCR and IhcNobcI Prize winner in chemistry Tor 1993, and two prominent expert. (Iiij book provides lliomovt up-to-dam 
methodological protocols trom the world’s lending laoordionos As J. 1» Wtolssm emphasizes in the foreword. PCR acceler¬ 
ated substantially the research in the field of molecular biology, and together with the technology of DNA sequencing has had 
the most extraordinary impact in human genetics. AS Stated in the preface by K.B. Mullis, since the Symposium on Quantita¬ 
tive Uio logy in Cold Spring Harbor in 1986, PCR made the research of ON A easy requiring only a fuw reagents and a cycler. 
Ifiis reaction constitutes un US Patent for amplifying nucleic ucul sequences. The list of contributors commits 1 1 acknow I • 
edged rcscachers mostly trom USA. further on Irotn Finland, Prance. Germany. Great Britain and Japan. The volume con¬ 
sists of three parrs me hiding 35 chapters supplied with numerous tables and with a list of references to the primary literature. 

Part one on Methodology dcAiribing basic laboratoty procedures is composed of five sccrioas First section focuses on 
manJpulaiion of DNA by PRC. cloning PCR products, optimization, of multiplex PCRs, prcpaialion of nucleic .-Kids for 
arcluvpl mat oriels. and PCRamplifcalion Sucond suction examines pioblcms of quaiKiijiion and quantification. following 
sections arc concerned wit boon isotopic dot action, instrumentation, und sequencing. 

Part two or, Application divided also into two sections, is intended to give insights into in vitro evolution of functional 
nucleic acids Tbe application of PCR maybe useful in forensic science and in molecular archeology for studies of fossil 
ON A sequences that arc millions years old. PCR may be used also in nonbiologic.il spheres such is the industry. Dramatic 
technical innovation represents lie application of PCR i<» Un* study of gene expression, to genetic mapping, population 
biology and epidemiology. PCR bus assurnoU an important role in the molecular diagnosis of neoplastic. infectious and 
parasitic diseases a-»d assessment ot therapy effectiveness. 

Part three covers PCR and the World of Buiinm, which includes the place of PCR in the market and a fascinating 
bcliind-thc-sconcs look at the legal battles between biotechnology p if ant- CciUS and DuPont. 

The volume isillu&lfalod by l?5 infiuniative figures composed ofclcclropliorciijrrams technical equipment, miscellane¬ 
ous procedures end processes, sequences and diagrams. K'ich chapter of this unique bock will inform the novice and cxp« •• 
cr.eed PCR user or, how io optimize their results. Every researcher working with PCR will w ant to own a copy of U-.is book. 

Jinirich Jim 
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Abstract. Vertical distribution of soil nematodes to 35 cm depth was studied in a 60-70 year old oak forest on 
cambisol in South Bohemia for one year. A total of 74 species was found with high Kt diversify in the humus soil layer 
0 5 cm (64 species. 29 constant). 19 species (I constant) eccured ;n the mineral layer 3u 35 cm. No species showed 
any particular prctcrcncc for soil layers under 10 cm of soil profile The mean abundance of total nematode community 
was I.19“l0 l ]nd m '.the mean biomass 1.25g.ro with peak densities in the Dcccmbcr-April period ami in August. 
Abundance ar.d biomass decreased with the depth of soil prolilc. The nematode community abundance was dominated 
by timer larva( and bactcriophajjoos species of the genera Pleclus. Acrobeloides and Rhabditvs. followed by royco- 
pbyiophagous nematodes pnmanly the genus Filemhus and for onmiphagous nematodes the genera Eudorylaimus, 
Tyiencholaimus and Aporecidmeilus Phytophagous nematodes wcic rare. The pattern of nematode vertical distribution 
Studied can be mainly explained by the decrease of hum us coot carts with ihe depth of soil prolilc and, consequently, by 
decreasing microbial activity in deeper soil layers. 

Vertical distribution, seasonal changes, oak forest environmental factors, soil nematodes. Central Europe 

Soil nematodes in deciduous forests of the Czech Republic were studied for their diversity, 
abundance, biomass, and seasonal changes in several localities, mainly in Central Bohemia. 
Previous forest studies include: a meadow-spruce forest ecotone dominated by oak trees (Han£l 
1992-1993); an oak-hornbeam wood (Bartosova & H£ntl 1994); oak, oak-hornbeam and beech 
forests in the Krtvokldtsko Biosphere Reserve (Hand! 1996); beech, maple and birch forests of 
the Velka Kotlina cirque in North Moravia (Hancl 1996a); and an oak forest in Southern Bohe¬ 
mia Han£l (1994). All of these studies of nematodes were conducted in the upper soil layer 0-10 
cm because the majority of soil fauna in forest ecosystems occur in the humus horizon (Dunger 
1983). Moreover, forest ecosystems in mountain areas are frequently characterized by an abrupt 
transition between parent rock and shallow humus horizon. The mineral horizon consists of 
mineral particles in chinks, slits and crevices between boulders so thar a quantitative estimate 
for any group of soil biota is problematic. However, their population densities are generally 
much lower at depth than those in the upper humus layer. In highlands and lowland forests on 
cambisols and luvisols, the depth of the soil profile increases and it is not known which propor¬ 
tion of abundance and biomass of soil nematode populations lives in mineral soil below the 
upper ten centimeters of humus soil. One hypothesis is that the concentration of nematodes in 
the upper soil layer increases with altitude of the site. For example, Solovy eva (I95>6) examined 
nematodes in an altitudinal gradient of the Krymskie Gory Mts (pine and oak forests) from 400 
to 1400 m a. s. I., and found that through five 200 in elevations the proportion of nematode 
numbers in 0 3 cm of the soil profile to that in 3-13 cm increased from an average of 45% to 
67%. In other words, the increase in nematode population densities in the upj»er soil layer at 
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!400 m a. s. 1. accounted for 22% of the total populations as compared to that in 400 m a. s. I. 
This generalized trend can be dependent on local conditions, for example, alluvial or colic 
deposits car, support deeper soil profiles in higher altitudes. 

The aim of the present study was as follows: 

(i) to investigate nematode species distribution in a cambisol soil profile under a sub-climax oak 
forest 

(ii) to estimate nematode abundance and biomass in individual soil layers 

(iii) to study seasonal changes of nematode community simultaneously with changes in the soil 
microclimate, and, 

(iv) to relate the pattern of nematode vertical distribution to chemical properties of soil in differ¬ 
ent depths 


MATERIAL AND METHODS 

Investigations were earned oul trom Apnl 1988 to Apnl 1989 in an oak foresiof Quercus robur L. 160-70 years old) in 
South Uahcmis near Nclobec village. 49°04-N. I4°l I 'Ii. 486 m a. s. i. (Hanil 1994). Long-term (1900-1950) mean annual 
air temperature in the region is 7.3 °C. and precipitation 602 mm <50 mm per month i’i average) Corresponding value.* in 
1 m were 8.2 r C. 623 mm (52 mm), in 19898 3°C.4R9mm(4l mm), and during the Mudy April 1988 April 19898 5\J. 
591 in:r (45 mill). Soil Samples wot taken from 4 walls ofa pi i.malic soil probe tin u fnim square on *oi) surface wnh edges 
of abou: 40 50 cm io ihe depth of 35 cm for seven 5 cm deep subsumples in four replicates {layers t-Vll). Sampling doles 
were as follows !2Apn. 1988. lOMay 1988. 7 June 1988.23 July 1988 ,10 August l 9S8.6 September 1988. 6 October 
1988,8 December 1988,10 January 1989,9 February 1989,14 March i989,a:Kt4 Apiil 1989 The soil from these .su'osam- 
plc' was mixed thoroughly, and a 30 ml sulmmplc was uken for the ncsttatodc extraction lH.mil 1994). The rc&t of ilia soil 
was used fur moisture, humus ami pH analyses 

S Of-' moisture was measured graviiiictncally and expressed as the percentage of Hg) in mcusl soil. Soil temperature Wits 
measured at noon of the sampling dates. Soil temperature was measured in the raddle of individual soli layers (i. c. in the 
layer 0-5 cm al the depth of 2.5 cm. etc.) at each sampling date. 

Humus contents of soil layers (percentage of carbon oxydizablc by HjCrO,, C.) were measured in May 1988. July 1988. 
September 1988. December 1988. January 1989. February 1989, March 1989. and in April (989. pH(H.O) values were 
measured in July 1988. September 1988. February 1989. and in April 1989 for each depth. 

Pearson correlation coefficients were calculated between the number of species, abundance and biomass on one hand and 
environmental variables on the other. Redundancy Analysis was performed by the program CANOCO (Ter Break 1987) 
defaults and data In (genus abundance * I) for samples with complete environmental data in July 3 988. September 1988, 
February 1989, and Apnl 1989 (eigenvalues XI 0.543, X2 0.093. X3 0.052, X4 0.018, percentage variance accounted for 
these axes 76.0%. 89.0%, 962%. 98.9%, respectively). 


RESULTS 

Abiotic factors 

Table I shows monthly mean air temperatures, monthly sum of precipitation, sampling time 
temperature and moisture during the period of investigations. Soil temperatures were separated 
into: (i) cold penod with temperatures lower than 10 °C from December to April and (ii) warm 
period wilh temperatures greater than 10 °C from May to October. In the cold period the temper¬ 
atures were similar in all soil layers, while in the second period the upper soil layers had higher 
temperatures than the lower ones, especially in May, June and July. Nevertheless, mean temper¬ 
ature values in different soil layers differed only slightly (Table 2). There was little fluctuation 
in moisture in individual soil layers, although minimum values were observed in October for all 
soil layers (Table I). Soil moisture generally decreased with the depth as well as soil carbon 
contents (Table 2). 
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Tabic I Monthly mean air temperatures (Tcmp.'C) ai>d sum of precipitation (free, mm) (Pail A} and sampling hmc tom- 
peraiurc (°C) and nii'itttuie (%) in individual $i>il layers 1-VII (Hurt R'l in on cm! forcsl. layer 1: JD«*imjm water enpuedy 
64 0—71.l*^g. pF ~ 3 at soil noislurcol 23 4-27.9%; layer It: maximum walcr capacity 353-38.2%, pF- Sal soil moisture 
of20.5-24.2% 


Pan* 

Temp 

Piw 

19SK 

Apr 

7.7 

28 

May 

13.7 

45 

Jun 

147 

105 

Jul 

172 

86 

Aug 

17.0 

72 

Sep 

13.0 

32 

Oct 

8.7 

26 

Dec 

1.5 

53 

1989 

Jan 

-0.3 

7 

Pcb 

2.5 

20 

Mar 

6.6 

11 

Apr 

7.9 

60 

Pan R 

Soil icmpciBiurc 

ms 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Dec 

1989 

Jar. 

Pcb 

Mar 

Apr 

1 

5.6 

13.0 

150 

170 

18.5 

15.2 

12.5 

42 

2.4 

1.2 

5.5 

5.3 

n 

S.5 

112 

12 8 

15.1 

17.0 

150 

12.3 

4 0 

28 

1 2 

5.3 

5 1 

in 

5 2 

i Cl 5 

12.4 

147 

16.8 

14.7 

11.8 

4.0 

30 

1.4 

5 <1 

5 1 

IV 

5.3 

y.8 

12.0 

14.3 

165 

14 8 

M.3 

42 

3.2 

1.3 

4.5 

52 

V 

53 

95 

11.5 

J4J 

16.0 

146 

IJ.2 

4.0 

32 

J.3 

5.0 

53 

VI 

54 

9.1 

11.3 

14.0 

16.0 

14.6 

11.0 

4.1 

33 

1.5 

4.8 

54 

VII 

5.5 

90 

10.0 

13.9 

15.7 

14.6 

11.0 

4.2 

1.4 

1.5 

4.7 

5.5 

Sort moisture 

I9SP 

Apr 

May 

tun 

Jul 

Aug 

Sep 

Oct 

Doc 

1989 

Jan 

Pcb 

Mar 

Apr 

1 

50 4 

32.1 

37.8 

50.1 

41.1 

54 7 

32 0 

42.1 

59 1 

4 1 6 

44 2 

46 6 

II 

25 4 

22.4 

25.8 

30.4 

26.3 

25 8 

14.4 

24.8 

252 

25.0 

263 

30.8 

III 

223 

17.0 

20.9 

25.0 

21.6 

17.9 

13.1 

20.8 

176 

17.2 

20.7 

18.8 

IV 

ISO 

IS l 

16 8 

24.1 

19.7 

14.6 

12.5 

19.4 

165 

16.1 

14.6 

16.7 

V 

fft.fi 

i ft .4 

14.9 

190 

17 1 

!3 fi 

If.6 

17.2 

f 5.4 

15.0 

15.5 

15 9 

VI 

16.3 

154 

149 

14.5 

I5.| 

119 

ion 

15.4 

15 7 

15.4 

15.7 

14 7 

VI! 

15.6 

14.8 

18.2 

15.4 

15.0 

II 5 

10 5 

168 

16.1 

15.1 

14.9 

14.3 


Nematodes 

Nematode diversity totaled ?•* species ar.d 43 genera. The presence of species in different soil 
layers is given in Table 3, the abundance of genera :n Table 4. The greatest total number of 
species (64) was in the soil layer 0 5 cm, decreased in S—10 cm, remained almost stable in 10- 
30 cm (from 27 to 32). and than decreased to 19 in the layer 30-33 cm. The mean number of 
species per sample showed a sharp decrease in transition from 5 to 10 cm of soil depth and then 
gradually declined. The number of constant species in a layer reflected the decrease in mean 
species number. Consequently, approximately 30 species characterized the nematode communi¬ 
ty, no species was exclusively characteristic for any soil layer under 10 cm of soil profile. Simi¬ 
lar trends were also observed for nematode genera. 

The most abundant nematodes belonged to dauer larvtze (17 1% of the total abundance) and 
to the genera Fitenchus (15.8%), Plectus (13.5%), AcrMoides (11.4%), Rhabditis (8.9%), 
Eudnrylaimus (7.9%), TylenchMmus ( 4.5%), and Aporcclaimelius (4 1 %). The species of those 
dominant genera occupied all soil layers, except for Aporcelaimellus which genus was not re¬ 
corded in the soil layer 30—35 cm. Some species of less dominant genera also occurred through¬ 
out all soil layers, mainly (hose of A/aim us and Clarkus. The genera F.umonhystera, Gcomon- 
hystera, Cylindroluimus , Ceratuplectus, Wilsonema, Tylocephalus , Teratocephalus , Bamawa, 
Lelenchus, Ccphalenchus were mostly limited to the humus layer 0-5 cm. 
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Tabic 2. Mean values of environmental variables in individual soil layers I - VI l in an oak forest 
'•according to Novik (I M2) 

11 according to Kalilk ft SanrieVovA (1991) 



I 

II 

III 

IV 

V 

VI 

VII 

T cnipcralui'c (' Cj 

9.6 

9.0 

8.7 

8.5 

8.4 

8.4 

8.3 

MufelutcfVi) 

44.3 

25.2 

104 

17.3 

15.7 

14.7 

14.9 

C„.<K) 

12.2 

2.3 

1.1 

0.9 

0.6 

06 

0.5 

N. 

2.0 

0.5 

02 

0.2 

0.2 

0.2 

02 

KArr.eM ’) n 

55? 

470 

442 

442 

418 

418 

398 

Pmnrtl 3 * 

.189 

.3*2 

346 

346 

.340 

340 

.348 

|> A 

168 

n 

96 

96 

78 

78 

50 

P 

64 

20 

23 

23 

24 

24 

9 

pH(H f O) 

5.0 

4.2 

4.3 

4.4 

4.5 

4.7 

4.7 


Mean total abundance of nematodes for all soil Layers in ihe investigated period was 
Il93xl0'ind.m 3 and varied from 268 (October 1988) to 3220 (February 1989) *10‘ind.m 7 . A 
remarkable peak ufabur.dar.ee was observed in the cold period, e. from December to April, the 
second peak occurred in August (Fig. 1). Nevertheless, this summer peak was caused by nema¬ 
tode populations increase in the soil layer 0-5 cm whereas the winter-early spring population 
maxima also occurred in the soil layers 5 10 cm and 10 15 cm (Fig l). Mean abundance of 
nematodes decreased with the depth of soil profile and it can be generalized that a lower layer 
had a twice lower number of nematode individuals than the upper one (or Tulid Abundance - 
21A(n l)/2* ; . A(n : 1) is abundance in the first soil layer). Abrupt decrease of nematode abun¬ 
dance was especially observed in the orders Dorylaimida, Aracolaiinida and Mouonchida. Nem¬ 
atodes of the orders Rhabditida and Tylenchida reached high population densities in deeper soil 
layers, too. Proportion of adult nematodes in individual soil layers varied from 15.7% to 28.3%, 
in average, adults constituted about 22.1% of the total populations (Table 4). 

Mean toial biomass of nematodes w as 1245 mg.m : with seasonal fluctuations from 369 (Jun 
1988) to 3012 (February 1989) mg.ml As seen in Fig. I, the greater pari of nematode biomass 
was concentrated in. the soil layer 0-5 cm. In August and in January-Fcbruary, there were two 
peaks of biomass, April was characterized by a decrease in nematode biomass in both years. This 
distribution of nematode biomass reflected nematode abundance and the fact rhal the humus soil 
layer (0—5 cm) was inhabited by big nematode specimens as summarized in the high mean 
biomass of a nematode individual (1.77 pg) in this layer (Table 4). 

Mean total abundance, biomass, numbers of species and genera of nematodes in the soil 
layers investigated significantly increased with increasing values of soil moisture, temperature, 
carbon, nitrogen, and all forms of phosphorus (r = 0.76-D.99; P * 0.05-0.01, n = 7). No signif¬ 
icant correlation was found between these characteristics and pH values. The same was true for 
the abundance of the orders Teratocephalida, Tylenchida, Enoplida, and Dorylaimida; Monhys- 
terida, Araeolaintida, AJaimida, and Motronchida were not significantly correlated with mineral 
phosphorus. Rhabditida were not significantly correlated with carbon, mineral and organic phos¬ 
phorus, they had negative but insignificant correlation with vertical changes of pH v alues. Aph- 
elenchida were significantly positively correlated with vertical distribution of soil moisture, 
temperature, carbon, and total and mineral phosphorus. Percentage of adult specimens was 
significantly negatively correlated with pH (r = -0.82, P “ 0.05, n ■ 7). 

Any significant correlation was found neither in total values nor in individual soil layers 
between air temperature or precipitation and seasonal changes of abundance and biomass, al¬ 
though correlation coefficients were mostly negative, fn individual soil layers, abundance of 
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nematodes was significantly negatively correlated with sampling lime temperature through 0 - 
20 cm of soil profile (r 0.59 - -0.66, P 0.05, n - 12) but no significant correlation was 
found between abundance and sampling time moisture. No significant correlation was between 
sampling time temperature or sampling time moisture and eorresponding biomass values in 
individual soil layers. 



Apr Way Jun Jul Auq Sap Ocl Nov Dec Jan Keb Mar Apr 



Fig. I Seasonal changes of nemalodeabundance (‘ 10'ind.m *) and biomass (mg.m J ) m individual soil layers f—VII in an 
oak tores’. 
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1 able 3. Presence of soil nematodes in different soil layers in an oak forest, • indicates constant species (constancy >= 59%1 
in a layer 



[ 

II 

IK 

[V 

V 

VI 

VII 

order: MONT 5YSTF.R IDA 








1 EtunonhysSera vulgaris {dc Man, 1880) 

4 





4 


2 kumonhystera iongicaudatuia Gcrfeich & Ricrr.ann. 1973) 

4 







3 Ccorwmhystaa vtU.ua (Buuchli. £873) 

4 







order: AkAEOLAIMEDA 








•1 CvltmlniltuMus homines Ardrxssy, I96R 

+ 







5 Pitctus ucumtnatm Baslian. 1865 

• 

• 

- 

4 

4 

4 

4 

6 Fleet us geophUt ts dc Mon, I 

4 







7 Plectus Iwgii-audaius Dntsebb, J <73 



4 

4 

4 

» 


3 Plectuxparvus Haitian, 1H65 

• 

4 

4 

4 

4 

4 

4 

9 Plectus rhuvphilus do Man, 1 PRO 


4 

4 

4 



4 

11) PiccJus stffnfcrcif Micolctzky, 1915 

4 

4 






11 Pkclus jtlvaticus Aldrfissy. 1936 

• 



4 

4 

4 


12 Ceratoplcaus tmimilb (Butschi.. 1873) 

4 







33 Ceratoplectus amtatus (Butt chit, 7873) 








14 Wthanema otophorum {dc Man, 1880) 

4 

4 






15 Tylocepkulus auriculalus (BOtscbli, 1873) 

4 







order: TFRaTOCEPHAUDA 








16 Metatvraiocepkulus crassldens (dc Man. 1880) 

4 

4 

4 





17 Teraloctphuhis stralumm Eroshenko. 1973 

4 

4 

4 





18 PtralocephaJus tenuis Andrassy, 1958 

4 







19 Tcralocepkalus terrestns (Biitschli, 1873) 

+ 







order: RHABDITIDA 








20 Ha/crocephalobus ciongatus (dc Man. 1880) 

• 

4 

4 





21 Hetewcephal obvs looft Andrassy, 1968 


4 



4 



22 Cepfuilobus persegnts B3itian. 1865 


4 






23 Cepkabbus Iroglopkhts Andrassy. I%7 


4 




4 


24 kucephalcbus otyurcidta (dc Mar., 1876) 

4 

4 






25 A-roln'o’des nanus ;dc Man. 1880) 




• 


• 

• 

26 Panagrulaimus 'igidus (Steiner. 1866) 

4 



4 


4 

4 

27 Burst!ia monkystera (Bulschli, 1873) 


4 

4 

4 




28 Rhabdltis maupasi group Scura: in Maupas, 1919 


• 

• 

* 


• 

4 

29 dauer larvae 

• 

• 

• 

4 

• 

4 

4 

order: DIPLOG ASTER] DA 








30 D.plvgastcr Schultzc in Caros. 1857 sp 

4 





4 


order - APHELENCHlDA 








31 Apheknehtu uvenat B«tian. 1865 

4 

4 






32 ApheUnchoidcs saprvphdus franklin. 1957 

4 




4 



33 Aphelznchoides Fischer, 1894 sp 


4 

4 





34 Aphelenchoidzs ferrandini Mcyl, 1954 

* 

4 

4 

4 




order: TYLENCHIDA 








35 Fi/cni but amanlus 2 oil, 1988 

4 







36 kilenchtts discrepant (Andrassy, 1954) 

4 

4 


4 

4 

4 


37 kilenchut Helenae(SzczygKL 1969) 

4 

4 

4 

4 

4 

4 


38 Filencltus ItinRiCludaluhtt Zell. 1988 

4 

4 

4 

4 




39 PiU-uchux ounuJus (Cobb. 1893) 

* 

• 

4 

4 

4 

4 

4 

40 Pilcnchus vulgaris (Fir/eski, 1963) 

4 


4 



4 


41 ,tg/encAus agricola (\k Man 1884) 




4 



4 

42 Maknchuj acarayeitsis Andrassy. i 968 








and 


4 




4 

4 

13 Malt'/u hus hryophilus (Steiner. 1914) 
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11 

IK 

IV 

V 

VI 

VII 

44 lAtenrhus leprosvma file Mar, 1880) 

4 







45 Ccphuttimhus mcgacephaiut (ioodcy, 1962 

4 







46 Paralyteachusprojects Jenkins. 1956 


+ 


- 

+ 



47 Diryle/Khui (Filipjcv, 1936) sp. 1 








and 

+ 

+ 

+ 

* 


4 


48 fiitylenchus (Pilipjcv, I916)sp.2 








order: RNOPUDA 








49 Batfiannizrat ilts do Man. 1875 

4 







50 Prixmutolutmus Join1hurus dc Man, 1880 

4 




+ 

4 

4 

S'. Prismafolairuus initrmcdtus (BuCschli. 1873) 

• 


* 

+ 

4 


4 

52 TripyiaJUicaudata dc Man. 1880 

* 

4 


4 

4 


4 

5.1 Tohnlus Andrissy, 1959 up. 



4 





order. ALAIMIDA 








54 Alaimus parvus Thorne, 1919 

• 


♦ 

4 

4 

4 

4 

55 Aia;nus primiitvus dc Man. 1880 

+ 







order MONONCHfDA 








56 C!arkus papillalus (Basiian, 1865) 

• 

+ 

+• 

4 

4 

4 

4 

57 Pnonchulus /•uncta.’us (Cobb, 1917) 


+ 



4 

4 


58 Aitulondtus iridcniaim (dc Man, 1876) 





4 



order: DORYLA1MIDA 








59 NygoJdtouts Cobb. J9I3 sp. 







4 

60 Mestxiorlaimus bastiam (Biitscbli, 1873) 


4 


4 


4 


61 Euihryiaimus corten (Bastian, 1865) 


4 

4 

4 


4 

4 

62 EudorviaimuspauapiUatus Ar.drdssy. 1986 

• 

• 



4 



62 Eudoryiaimus parvus (dc Man. 1880) 




4 

4 

4 

4 

64 Eudorviaimus silvaticut Bizcski, 1960 


* 

* 

4 




65 Tfio/tus eitenhergensu (1c Man, 1885) 

• 

* 



4 

4 


66 Thonus t borne. 1974 sa. 

+ 




4 



67 AporvelvirneUu’ ocscurus (Thome cl Swangcr, 1936) 

♦ 

♦ 


4 

4 

4 


68 Pungcntus ihornet Goodcy. 1943 



*■ 

4 

4 

4 


69 Tyleiuholaimus minimus dc Man, 1876 

4 



4 


4 


70 Tyleitiholaimus mirabiiis (Biittchli, 1873) 

• 

* 

*■ 

4 

4 

4 


72 Tylaxcholamus stecki Steiner, 1914 


+ 

*• 

4 



♦ 

73 Diphtherophora tz Man. 1880 sp. 






4 


74 T/ichadurus C obb, 1913 sp. 

+ 








Total number of species was significantly negatively correlated with air temperature (r = 
-0.80, P ~ 0.01, n = 12) and with precipitation (r - -0.66, P = 0.05, n = 12). As concerns 
individual .soil layers, the number of species was significantly negatively correlated with soil 
temperature in the layer 0 5 cm (r = 0.85, P = 0.01, n - 12) and in the layer 5-10 cm (r = 
0.80. £’ = 0.01, n - 12) No significant correlation was between species number and soil mois¬ 
ture. 

In the layer 0-5 cm, seasonal changes in nematode abundance and biomass were positively 
but not significantly con-dated with soil carbon (r ~ 0.61 and r = 0.43, respectively, n = 8). la 
deeper layers, correlation coefficients were also insignificant, positive or negative. The same 
was true for species number. 

Abundance and species number were negatively correlated with pH in the layer 0-5 cm (r *- 
0.97 and r = -0.99, respectively, n = 4). Negative correlations were also in the layer of 5-10 cm 
but of lower values (r = -0.37 and r = -0.47, respectively, n = 4) whereas under 10 cm of the soil 
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profile correlation coefficients were positive. However the number of four replicate# is too low 
for precise conclusion, relatioships between nematodes and soil acidity in the layer 0-5 cm 
differed from those ta deeper layer, the layer 5-10 cm being an transitional zone because of an 
abrupt decrease in pH values (Table 2). 

Jii summary, seasonal changes in cumulative characteristics of nematodes such as species 
number, abundance, and biomass in the most populated soil layer 0 5 cm were positively (but 
not significantly) correlated with total soil carbon. As concerns air temperature, precipitation, 
soil temperature, soil moisture, and soil pH the correlation coefficients were significantly nega¬ 
tive or insignificant in absolute values. In other words, low values (in seasonal changes and in 
the established range) of these five parameters had no negative serious effects on total diversity 
or or. total population densities of nematodes. 

Nevertheless, the effect of those parameters was detectable in composition of nematode as¬ 
semblages in individual soil iayers. High positive correlations of*soil carbon and soil moisture 
with rhe first ordination axis (Tabic 5) reflected population composition in the soil layer (f-5 cm 
with high population densities of the genera Plectus, Aporceluimellus, Eudoryluimus (Fig. 2). 
Negative correlation with the soil depth showed its negative influence upon nematode popula¬ 
tions because they related to samples with low population densities in deeper parts of soil pro¬ 
file. Weak correlation with ordination axes was established for pli of soil. As to the temperature, 
we could expect a greater but ambiguous effect on the composition of nematode assemblages in 
rhe layers studied (negative conelation with the first ordination axis, positive with the second 
one). 


DISCUSSION 

The composition of the nematode community in the investigated period was similar to that 
found during previous investigations (Hanoi 1994 , 1995 ). Dominant nematodes belonged to the 
genera Wectus, Acrobelotdes , Rhabditis, dauer larvae, Filenchus, h'udoryialmus . Tyiencholaintus. 
In the soil layer 0-10 cm, mean abundance was 92 1 x KFind.m ‘ and biomass 1118 mg.m ; with 
peaks in the January April and August periods and these data are comparable with those ob¬ 
tained in 1986 - 1987 . 

As shown in the present study, approximately 77% of nematode individuals and 90% of 
nematode biomass occurred in the layer 0-5 cm, correlated with soil moisture and humus con¬ 
tents. Tin’s general trend corresponds with many results established by oilier authors. Pick-Hong 
(1966) found that in deciduous mixed woodland habitats in 1-ngland nematodes were most abun¬ 
dant in the soil layer 0-2 cm and their numbers (as well as soil moisture) decreased with de¬ 
creasing depth of soil profile down to 24 cm. Razzhivin (1976) snidied nematodes of various 
ecosystems in Alatau and found maximum abundance in the soil layer 1-10 cm. Pavlyuk (1983) 
found the majority of nematodes in litter, then in humus A-horizon, while mineral B-honnon 
was inhabited by negligible numbers of individuals in a birch wood m the Moscow region 
Popovici (1984) estimated 74.2% of nematode abundance in the soil layer 0-10 cm (including 
litter) whereas 25.8% occurred in the layer 10-15 cm. 

Although the total abundance usually decreases with soil depth, different species or genera 
can prefer different parts in soil profile and influence the pattern of nematode vertical distribu- 
lion at individual stands. Popovici (1980) studied vertical distribution of nematodes in various 
ecosystems in the Western Carpathians in Rumania. The majority of nematode species concen 
rr.ttea in litter, F- and U-honzons and in the first mineral (humrfevous) horizon. Nevertheless, 
preference for different soil layers was observed in some species. For example, the species of the 





Fig 2. Ordination of sample* and genera ol soil nematodes in individual soil layers l-Vli; J - July 195*8. S = September 
1988, F - February 1989, A - Apnl 1989; biplot scores of environmental variable* TEMP = soil temperature. MOIST-«>il 
moisture, CARB = C,„ PI I ■ pH(H ; 0), DEPTH - depth of soil; explanation for nematode genera numerals >ec lablc 4 
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Tabic 4. Mean abundance {*lO’ind m'’( of soil nematode genera in ditTcrcnl soil layer* in an oak fores! and cumulative 
charaencrisucot nematode community. + indicates abundance lower (ban 1000 ind.m ‘ 



1 

II 

IK 

IV 

V 

VI 

VII 

SUM 

onto. MONHYSTERIDA 









1 t’wnonfrysleru Andrassy. 1981 

4 





♦ 


4 

2 Geomonhysiera Andrissy. 1981 

♦ 







+ 

£ 

4 





+ 


4 

order: AKAEOI. AIMIDA 









5 t')4!ndro!cln*ui dc Mon, 1880 

+ 







♦ 

4 Pltcius Haitian. 1865 

130 

12 

6 

4 

3 

3 

I 

161 

5 Cer 0 mp/,»i:/ur AiwMsRy, 1984 

12 







52 

6 mfaanmaCobS, 1913 

1 

+ 






1 

7 Tylocephahs Cros&mnnn, 1833 

2 







2 

t 

145 

13 

6 

4 

3 

3 

1 

176 

order; TliRATOCEPl IAL1 DA 









8 Melaceratocepha/us Croshenko, 1973 

1 

• 

* 





2 

9 Tauiocephaius dc Man, 1876 

3 

* 

f 





4 

I 

4 

1 

1 





6 

order RHABUIYIDA 









10 Acrobf hides (Cobb. 1924) 

50 

45 

18 

JO 

7 

4 

3 

136 

11 Cephalobus Basliar, 1865 

6 

2 




+ 


8 

12 Eucephalobui Steiner. 1936 

+ 


4. 





+ 

13 fkuroctphalobus (Brzeski. I960) 

15 

2 

•r 


*■ 



17 

14 Panaiirolaimus Fuchs. 1930 

1 



■4 


■* 

+ 

2 

15 Arra/Mr Andrassy, 1976 

10 

1 

+ 

t 




II 

16 Rhabditis Dujardin. 1845 

58 

23 

9 

5 

8 

3 

1 

106 

17 dauet larvae 

39 

107 

35 

17 

4 

2 

♦ 

204 

I 

179 

178 

62 

32 

20 

10 

4 

485 

order: DIPLCKJASTfcRIDA 









18 Dipfogasler s.|. Sehj-tze in Carus, 1857 

+ 





+ 


1 

I 

♦ 





+ 


1 

order APHELFNCH IDA 









19 ApAelendius tiaslian. 1865 

+ 

a- 






4- 

20 /iphelenchouics Fischer. 1894 

13 

10 

1 

+ 

* 



24 

£ 

13 

II 

1 

+ 

* 



25 

order; TYLENCHIDA 









21 fillicit us {Andfassy, 1954) 

55 

47 

49 

14 

12 

9 

4 

189 

22 Maienchus Andrfssy, 1968 

20 

- 




+ 

+ 

22 

23 Agiendtus (Andraisy, 1954) 




+ 



4 

♦ 

24 Cepkalenchm (Goodey, 1962) 

+ 








25 Lelem fau(Andrassy. 1954) 

+ 







+ 

26 Puratylcntbiis Mieolcl/ky, 1922 


4- 


+ 

+ 



1 

27 Dliylenchust ilipjev. 1936 

10 

1 

+ 

1 


+ 


12 

£ 

H6 

49 

49 

15 

12 

10 

4 

224 

order P.NOPIJDA 









28 ffiist'unuidc Man. 1876 

1 







r 

29 Prismatoloimus dc Men. 1880 

4 


1 


■* 

4 

+ • 

6 

30 Tl/brilus Andrtssy, I95'9 



+ 





■4 

33 Tnpvia Dasran. 1865 

9 

3 


+ 

+ 


*■ 

12 

I 

14 

3 

1 

+ 

J 

+ 

1 

19 

order; ALAIMIDA 









52 Aiaimusilc Mar, 1880 

6 


3 

+ 

2 

♦ 

r 

9 

21 

6 

+ 

J 

+ 

2 

+ 

+■ 

9 


106 






1 

tl 

III 

IV 

V 

VI 

VIT 

SUM 

order: MONOCHIDA 

33 Cturian Jairajpan. W0 

7 

1 

+ 

1 

1 

1 

+ 

10 

34 Prioncbulux (Cobb, 3916) 

10 

T 

» 


+ 

* 


1 1 

35 Arwuuichus (Cobb. 1916) 





+ 



•* 

1 

order: DORYLAIMIDA 

17 

1 

: 

1 

1 

1 


21 

36 Kvgotuimu.* Cobb, IS]} 





+ 



4 

37 Wei odoryluius Atnlras-sy. 1959 

21 

+■ 


4- 


+ 


22 

3t Eudorylaimus Andnusy. 1959s.l 

82 

6 

3 

2 

1 

+ 

- 

94 

39 AporcelcuneUus llcyns, 1965 

38 

6 

4 

1 

1 

» 


49 

40 Punxentux Thome ct Swangct, 1936 



+ 

1 

+ 

+ 


2 

41 TViV't'Au/fiin'iij tic Mini, 1876 

41 

5 

** 

3 

1 

2 


54 

42 Tnchoaorus Cobb. 1913 

+ 







-4- 

43 Diphtherophora <lc Man. 1880 






» 


+ 

I 

182 

18 

9 

6 

3 

4 

1 

222 

IOTALABUNDANCE L* 10» iod m '] 

650 

272 

131 

60 

41 

29 

12 

1193 

TOTAL U[OMASSlmg.m i | 

989 

128 

69 

23 

17 

1 ? 

4 

1245 

MEAN INDI VIDUA!. BIOMASS [pg] 

1.77 

0 81 

1.07 

0 64 

0.54 

0.95 

0.43 


TOT AL NUMBER OF SPECIES 

64 

42 

32 

32 

27 

32 

19 


NUMBER OF CONSTANT SPECIES 

29 

10 

5 

2 

3 

2 

1 


MEAN NUMBER OF SPECIES 

27 

11 

7 

6 

5 

5 

3 


TOTAL NUMBER OF GENERA 

36 

24 

21 

20 

18 

21 

15 


MEAN NUMBER OF GENERA 

20 

9 

7 

6 

5 

5 

3 


PERCENTAGE OF ADULT INDI VIDUAUS 

27.9 

19.9 

15.7 

20 5 

18.4 

28.3 

24.2 

22.1 


genera Cephalobus, Bunonema , Pleclus, Ter otocephalus, Monhystera, Criconema , Ecphyado- 
phora showed a distinct preference for upper soil layers to 15 cm depth. The species of Tripyla , 
Clarkus, Eudorylaimus, Filenchus were prevalent between 30 40 cm in soil profile, while the 
species of Trichodorus, Tylolaimophorus , Diphtherophora , Gracihcus, Miconchus , and Longi- 
dorus were identified in deeper soil layers from 30 to 100 cm. Nothing like that was experienced 
for the forest nematodes studied. Of the total 74 species 7 (9.5%) were not recorded in die layer 
0-10 cm ( Aglenchus agricola , Pungentus thornei, Nygolaimus sp.. Anatonchus tridentatus, 
Tobrilits sp., Diphtherophora sp.) and only one ( Tobrilus sp.) was not found in this layer during 
1986-1987 (Hdnil 1994). Clearly, the effectiveness of species sampling in the layer 0-10 cm 
was almost hundred percent and all species characterizing the nematode community studied 
were constant tn upper soil layers. 

As concerns other localities, Saly (1973) studied nematodes down to the depth of 120 cm in 
an oak-hornbeam forest at Nitra (Slovakia), lie found 16 (27.1%) species which did not oecurr 
in the upper soil layer 0-12 cm, nevertheless, none belonged to dominants and accounted alto¬ 
gether only for 2.5% of total nematode numbers. Vertical distribution pattern of population 
densities was different from that in the oak forest studied as only 47.6% of nematode individuals 
inhabited the 0- i 2 cm layer and the decrease of abundance with the depth of soil profile was less 
precipitous, 

Brzcski (1989) investigated vertical distribution of soil nematodes in six deciduous forests 
(May 1985) of the Mazovian Lowland in Poland and he distinguished litter, humus laycT (2-15 
cm) and mineral layer (to the 25-30 cm of soil profile). Total number of species at individual 
sires varied from 33 to 51, the number of species recorded exclusively in the mineral layer varied 
from 0 to 8 (i. e. 0-17.0% of the overall species richness). Considering abundance, the mineral 
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layer was inhabited by 0.5-8.2% of the total of nematode individuals, the litter was occupied by 
50.3 97.3% of individuals, consequently, his data can accord well with the data of the present 
study. 

A phenomenon has to be stressed here. In the oak forest studied, as well as in the deciduous 
forests studied by Rrzcski (1989), nematode parasites of higher plants accounted for a negligible 
proportion of total nematode populations and nematode abundance and biomass concentrated in 
litter-humus Layers. Brzcski (1989) stated that ..the quantity of available food, as well as au: and 
water relations, are the tentative cause of the vertical differentiations of the nematode faur.a" 
and dial „most of nematodes found are microbial feeders'*. These conclusions are also applicable 
to the vertical distribution of nematodes in the oak forest studied. On the other hand, plant- 
parasitic nematodes (Hoplolaimidae. Dolichodoridae, Criconematodac, Longidorid:ui) represented 
17.3% of total community abundance in the oak-hoi nbeam forest studied by Saly (1973) and 
reached high population densities in deeper soil layers 12-120 cm. It can be hypothesized that in 
Central Europe deciduous fores', ecosystems die proportion of nematode individuals in soil lay¬ 
ers under 10 cm increases with increasing population densities of parasitic nematodes feeding 
upon trec/shrub roots. Under such circumstances, we can possibly find abundance peaks (at least 
for some species) at various depths of sod profile, 'l’hese peaks are not to concern exclusively 
phytophagous nematodes, destroyed and decaying roots can stimulate patches of microbial ac¬ 
tivity and, consequently, higher population densities of nematode species feeding on soil micro- 
flora (and nematode predators and parasites). If a nematode community is mainly characterized 
by microbial feeders species, populations concentrate in litter and humus horizons and total 
abundance gradually or abruptly decreases with the ctep'h of soil profile. This can be supported 
by die results ofWasilewska (1974). She sampled soil nematodes down to the depth of 50 cm in 
two pme juniper oak woods, 10-year-old and 17 20-year-old, in Poland (July 1971). Jr) the 
layer 0-10.5 cm, 32.8-62.1% of the lotal abundance and 23 8-61.9% of the total biomass were 
found because many parasites of higher plants and omnivorous nematodes reached a high abun¬ 
dance in deeper soil layers. Microbivorous nematodes, however, were densest in the top layer 

Vertical distribution of nematodes was significantly positively influenced by quantities of all 
soil abiotic factors studied as given :n Table 2. except for pll(H 2 0) which values were signifi¬ 
cantly negatively correlated w ith the percentage of adult specimens. It is difficult to explain this 
phenomenon but low pH might prevent nematode juveniles from maturation in the cambisol 
successional row studied, H4n£l (1995) found higher soil pH values in cultivated field, fallow 
and meadow than in oak forest simultaneously with a lower percentage of adults ill this forest. A 
causal explanation could be that lower pH values negatively affect bacteria (Myrold 1990) and. 
consequently, complicate recover)* of rhabditid bactriophagous nematodes from daucr stage and 
maturation, responding this way to metabolites of growing bacterial populations (Golden A 
Riddle 1984). In the forest studied, nematodes of the order Rhabditida were abundant in the 
layer 5-10 cm, whereas Aracolaimida strictly preferred the layer 0 5 cm ('fable 4). Dauer hr 
vae in the forest studied represented non-feeding stages of rhabditid nematodes, considering 
their morphology and anatomy (Poinar 1986, Weiscr &. Mnicek 1988), in greater part those of 
the family Steinerncmatidae. Fischer & Fuhrer (1990) found that soil with pi I levels below 4.0 
may limit host finding by cntomophilic free-living stages of Steinernema, i. e. their maturation. 
This can also explain a part of high population densities of daucr lanac in the soil layer 5 -10 
tm (Table 4) with the lowest pH value (Table 2) At (he pi I soil value 6.9, Koppcnhofer cl al. 
(1995) found a uniform distribution of infective stcinermatid juveniles in soil. On the other 
hand, the highest values of abundance and biomass of nematode community were in cold win¬ 
ter-early spring period with lower values of pH 4.8-5.0 than in warm summer-autumn period 
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Tabic 5 Correlation coefficients uf Wiil environmental variables with ordination axes of iictnalodo genera 



Xt 

X2 

X3 

X4 

Soil temperature 

-0.51 

0.58 

0.08 

-027 

Sriil motalurc 

0.74 

0.49 

0.16 

002 

c„ 

0.79 

045 

0 11 

0.04 

PH(H,0> 

0.28 

0.17 

-0.59 

0.30 

Dcpih ofsoil 

-0.69 

-0.22 

-0.41 

0.02 


with pH 5.1 -5.2 in the soil layer 0 5 cm. Evidently, pH ranging around the value of 5.0 exerted 
no inhibitory effect on r.cmatodc development as can be compared with pH values of about 4.0 in 
deeper soil layers. 

Soil carbon, moisture and temperature arc mentioned as abioiical factors, nevertheless, hu¬ 
mus is of biological origin and the ability of soil (o hold water and to conduct iical is substantial¬ 
ly influenced by soil biological activity. Hanfc! (1994) proposed that ..seasonal changes in popu 
lation densities of nematode species in the oak forest studied resulted from biological interac¬ 
tions in so:! raid, to a less extent, from moisture temperature fluctuations'*. As the composition 
and seasonal changes of nematodes observed in 1988-1989 confirmed results reported previous¬ 
ly, this topic can be discussed in details. 

Balik (1989) investigated soil testate amoebae down to the depth of 10 cm jn the oak torest 
simultaneously with ffanel's (1994) study on nematodes and found that 68.7% of the individu¬ 
als lived in the soil layer 0-5 cm. Population maxima of testate amoebae (56-72*10hiid.cin ') 
were observed in the May-June period and these abundance peaks preceded those of nematodes 
in August. In the winter period, however, the abundance of testate amoebae was twice to three 
times lower than in early summer peaks. This might be due to the competition among some 
groups of nematode and testate amoebae species. It is also known that nematodes can feed on 
protozoans (Small 1987) and testate amoebae can be predators of nematodes (Yeates & Foissner 
1995). 

Sar.truckova (1992) studied microbial biomass, activity and soil respiration in 1987-1988 
and the values of these characteristics were evidently higher in huinus horizon than in mineral 
horizon. In the layer 0-5 cm, peaks of microbial biomass appeared during the cold (winter 
October-April) period as well as in the warm (summer July-August) period, separated by dis¬ 
tinct minima. This pattern of changes in microbial biomass coincided well with seasonal chang¬ 
es of nematode abundance as observed from 1986 to 1989 and indicated that a greater deal of 
nematode populations were microbial feeders. 

Tajovsky et al. (1992 ) studied decomposition of faecal pellets of the millipede Glomeris hex- 
asiicha and relationships between nematodes and physiological groups of soil microorganisms 
during the 1987-1988 period. Certain nematode genera were significantly positively correlated 
with the groups of microflora as follows: Rhabditis with heterotrophic bacteria, Aporcelaimellus 
and Ciarkus with oligotrophic bacteria, Filenchus , Cephalobus, Malenchus, Mesodorylaimus, 
Prismatolaimus, and Helerocephalobus with amylolytic actinomycetes, Plectus, Acrobeloides, 
Apheienchoides, Prionchuius , Metateratocephalus, Bunonema , Ceratoplectus , Tylencholaimus, 
and Filenchus with chitinolytic actinomycetes. The genera listed above mostly belong to micro- 
bivorous trophic groups inclusive omniphages partially or probaly completely (e. g. Tylen- 
choiaimus ) feeding on microflora. Predarory nematodes of the order Mononchida can feed on 
bacteria, too (Yeates 1987). Decomposing excrements of millipedes (arthropode modcr) consid¬ 
erably contribute to the formation of humus horizon in the oak forest studied so that relatioships 
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between soil nv.kro-mesofauna including nematodes and humus-forming microflora are no $ur- 
prise. Down to die depth of soil profile humus contents decrease simultaneously with decreasing 
populations of soil microflora and fauna. A barrier for some species can also be a lower pH 
values zone in the soil layer 5-15 cm as found in the present study, previously reported by 
Kaldik & SanrtakovA (1994) and discussed above. 

Seasonal changes of total abundance and biomass of nematodes were negatively but insigni- 
cantly correlated with cithei precipitation or air temperature, die number of species was singifi- 
catly negatively correlated with both mentioned factors. Considering weak correlations between 
those nematode characteristics and soil moisture and temperature in individual soil layers, we 
can conclude that soil microclimate had a low influence or. nematodes in general. Nematodes 
here were probably well adapted to relatively low soil temperatures. Table 2 shows that mean 
sampling lime temperatures were about 8 to 10 °C, therefore, temperature was no limiting factor 
to nematodes in this site during the period investigated, for example, Trudgill (1995) gives 
minimum base temperatures for development of free-living and plant-parasitic nematodes from 
0.9 n C to 13.1 T, mostly being lower than 10 °C. The same seems to be true for soil moisture. 
In fact, soil moisture never decreased under values corresponding to pi* 3 in the layer 0-5 cm as 
well as in the layer 5-10 cm (except for October 1988), Demeure ct all. (1979) found pF values 
3-6 to be initiating nematode anhydrobiotic coiling. On the other hand, Santrudkova (1992) 
found microbial biomass to be significantly positively correlated with soil moisture. Positive 
correlation between nematode abundance (biomass) and soil carbon in the soil layer 0-5 cm was 
established in rhe present study. During the decompostion of millipede excrements (1 ajovsky et 
al. 1992) the nematode abundance reached peak in November (coinciding with peaks in popula¬ 
tion densities of ohgonitrofil bacteria and chitinolytic actinomycetes), the nematode biomass 
consecutively in April (coinciding with peaks of oli go trophic bacteria, amylolytic actinomye- 
etes, and partially of micromycetes). The peak in both abundance and biomass of testate amoe¬ 
bae appeared in August and then their populations declined. Again, the peak of testate amoebae 
preceded the increase in nematode populations as previously reported for their mean soil abun¬ 
dance in 1986-1987. Soil moisture probably stimulates a quick increase in microbial popula¬ 
tion. Some populations of protozoans consequenly increase their abundance and biomass. Nem¬ 
atodes can quickly recover from anhydrobiosis or draught-induced quiescence. Nevertheless, 
their generation cycles arc usually longer than those of protozoan and soil microfiord and peak 
in nematode populations, grazing on multiplicatmg protists, postpones. 

As revealed by ordination analysis, higher humus contents and higher moisture in soil can 
explain the dominance of nematodes such as Plectus, Eudorylaimus , AporcelasmeUus , Tyle/i- 
cholatmus, and dauer larvae (Fig. 2B) being in greater part microbial feeders. No analyzed 
factor can be directly related to the distribution of other dominant nematodes, i. c. Filenchus , 
Acrobeloides , Rhabditis , and subdominant Aphelenchoides. Three lately named genera arc typ¬ 
ical microbial feeders and the same is very likely true for Filenchus in the forest studied, too. 
Nevertheless, their distribution is less dependent on higher humus amounts than on instantane¬ 
ous microbial activity. The first group needs humous soil as their habitat beside available popu¬ 
lations of microorganisms - this also follows from their distribution in succession^ stages (HanSI 
1995). Missing envirorunantal variable for the sector of ordination space delimited by positive 
XI values and negative X2 values was probably microbial activity (or its part). This gap is 
challenging to further research. 
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CONCLUSIONS 


Soil nematodes in the oak forest studied mainly inhabited the humus layer 0-5 cm, down to the 
depth of the soil profile species number, abundance, and biomass decreased The conventionally 
sampled 0-10 cm of soil were occupied by 90% of species recorded in this study and 77% of 
nematode individuals, representing 90% of total nematode biomass. Of the dominant genera, 
riectus. I'.udarylaimus, Tylencholaimus, Aporceluimellus , and partially Rhahditis evidently pre¬ 
ferred the layer 0-5 cm, daucr larvae, Acrobeloides and Filenchus also reached high population 
densities in the layer 5-10 cm. Main factors governing nematode vertical distribution seemed to 
he humus contents and microbial activity in soil. Seasonal fluctuations in soil moisture and 
temperature were no limiting factor to nematodes, nevertheless, low values of soil pH could have 
an inhibitory effect on population development of some nematodes in the layer 5-10 cm. 
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Abvirnri.Thc su*-relalcd variation in Ihe relationship between temperature and develop mortal lime m larvae, pupae 
and compJcic development of 97 ron-dmpausing species of insects is reviewed- The frequency of protandry and 
protogyny, the magnitude Of differences and (heir importance relative to other sources of variation in developmental 
time were considered. There exist 6 tcmpcralurc'dcvclopnicnlat lime rcfationstnps; prolencfric or prologynsc 
development wiili monotonous increase or decrease in the difference between Ihe sexes 'with temperature. and 
development that switches Iroin protandry to protogyny. or vice verve. The differences were recorded a* a targe of 
temperatures, from 5 °C above the lower development threshold to *30 ®C Proiandry prevailed in larval (<*4% of all 
eases) and complete development (41%) and protogyny war. rare (? and 1 8%, resp). ?r<rfngyny was comnumer in 
pupal development (46%). Development with a switch between protandry and protogyny and vice versa occurred in 
29% of the larval, 26% of the pupal and 18% or the complete ilc veloprrenlv Due to ihe disinbuuoc of the temperatures 
fw switching between protandry and protogyny over the range 10 30 °C\ the proportion cf insects showing protandry 
in larval development increased with increasing temperature from ca *5% to ca 85%. but remained relatively stable 
tor pupal development, between ca 35-45%. The proportion showing protardry in complete development increased 
slightly, from ca 55% coca 70%. Not unexpectedly, the differences between the developmental time of both sexes 
expressed in days decreased with increasing temperature, and when expressed as a percentage of the developmental 
time pfaha slower growing sex they were similar for all temperatures Ttmory predicts that protandry may sometime* 
have an adaptive si gm fieincc. I Ins was tested by comparing the relative importance ol the dilfcrcnces m development' 
time due :o sex with the individual variation in development time in several randomly selected species. The differences 
in development time due to sex Were mostly less important than individual variation. Only a small proportion of the 
differences due to .sux conk! he ecologically significant. 

Devek>pintn( length, temperature, sex-related variation, inxlr, female 


INTRODUCTION 

ll is well known that both in the field and in the laboratory the timing of various life activities :n 
insect* differ between females and males. The differences may concern seasonality of flight 
(Novak 1974) and other activities related to reproduction. Cases where males are active before 
females (protandry) prevail over the reverse situation (protogyny). This may he a consequence of 
sexual differences in the developmental times, which may be due to the fact that male gametes 
are in excess and a mate is usually able to inseminate several females. The loss of a male is thus 
derr.ographically less important than the loss of a female. Therefore mates are adapted to with¬ 
stand the risks associated with waiting and always being prepared for copulation. 

Evolution of protandiy is explained either in terms of direct selection, or as a consequence of 
die differences in tin: body size of the sexes (Wiklund & SoEbreck 1982, Wiklund & Forsberg 
1991, Wiklund et al. 1991. Nylin et al. 1993). Selection for rapid male development likely to 
occur in species with discrete generations in which precocious mules have a greater probability 
of copulation than those that emerge later Sexual dimorphism in body size may also result in 
protandry iflarval growth rate is similar in both sexes. The large sex (usually the female) would 
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then take longer to develop. Protandry would then be a consequence of selection favouring 
maximized body size and fecundity of females. These theories have been tested by Nylin et al. 
(1993) who have shown an advantage of protandry in a species with discrete generations, but 
little differer.ee in developmental time that can be related to differences in body size. In fact, the 
relationships between growth rate, developmental time and final size is mediated by neuroendo¬ 
crine mechanisms which modify the effect of temperature on the above characters (Sehnal 1991, 
Guctal. 1992). 

Despite the theoretical developments and an abundance of empirical data there is no review 
of the relative importance of differences in die length of development in protandry and protog- 
ynv. Here the data on the effect of temperature on the development of 97 species of insects for 
which the developmental times of the males and females were reported separately is reviewed. 
Although most of the information is for species of economic importance, beneficial or harmful, 
there is little bias in the data with respect to the factors that might affect the degree of protandry 
or pxotogyny: seasonality and sexual size dimorphism. This review includes only those species 
that develop without entering diapause. 

MATERIAL AND METHODS 


The data 

The informal hot. on the effect ofconstimt temperatures on Insect development was obtained from ihc literature. To prevent 
bias from subjective selection all the data was analysed Tbc data (Appendix) is for 9? species of insects, 12 Colcoptcra, 12 
Diptcra.4 Hctcroptcra, DHomoptcra, 291 lymcnoptcra, 2 } Lcpidoptcra, 3 Orthoptcraand I Thysanoptcra. For some Spe¬ 
cies there was data fur ic.vcr.fl populations. 

Lower developmental threshold (LDT, the temperature at which growth ceases) arid sum pfcffcctivc temperatures (SET, 
the day degrees required for development) were calculated using data lor temperatures ol 28 “C, and in those species where 
the LOT>17 J C for temperatures of 30 °C. Thermal characteristics LDT and SET were calculated from a tinea: regression 
1/D = aT i b, where D is (he length of development (days), T is temperature (°C), and a and bare regression coefficients. 
ThcLDT - b.'a.arHl SET I/a Although linear regression docs not describe llio development ratc/tcmporulure lotalion- 
stiip perfectly (cf Hagsitum Al Millikcn 1988, Subrumanyam & Hagstrum 1993), nevertheless, it provide-: a sufficiently 
precise description for comparing mcie and female dam over s range of ecologically favourable temperatures. 
riastifivBlinn of ihe differences 

Mules and females typically differ inl'ic slope and the intercept of the development rale (1/D) /temperature regression lines. 
The tcmpersi'.iirc et which the regression lines intersect. T„. is that at which both mates and females fake Ihc same time to 
develop. The range of biologically relevant temperatures considered were LL>T»<T“<3G “C. Six types of relationships were 
distinguished (Fig. 1) which rolled differences in the slopes (a) of the regression lines (a„ M -.- x a fa ...or a(W*>a**), or the 
position of with respect to the range of temperatures (T W <LDT, LDT<T„<30 °C. T«>30 C C). Thcec relationships are 
designated A F throughout the text A Protandry ar all temperatures with the difference in the developmental time of the 
sexes decreasing with increase in temperature B - protogyny, the difference doorcase* with temperature C protogyny, rhe 
dilfereuec increases with temperature O Protandry, thcditlcrcncc increases with temperature. £ ~ There is a switch from 
protandry' to protogyny as :tic tcrapcnmirc increases. F - The switch Is from protogyny to protandry. 

As a rule, development is slow'and not complied at temperatures near to the lower developmental threshold (T=< LDT* 5 
■ C) Therefore, in developmental types F. and F, if T*, is clc*« to the lower developmental threshold (T it *-<I,DT+5 ®C!) 
protogyny or protandry over the range ol temperatures between LDT and T„ha* little biological significance. ‘Tver Ihc range 
of temperatures (LDT‘5 9 C)«'-T=<30 °C the development in lype E is protogynic and in type F protimdric. Effectively 
protandric or prcxopynic species are those that arc prolandnc or protogynic over Ihc above range of temperatures, i. c.. 
effectively protandric specie* arc those with dcvclopnKnlal types A, D, and P if T„<LDT 1 5 °C. and effectively protogynic 
species with typos K. C. arid F if T H *-LDTr-5 °C 

The differences in male and female development limes were calculated for 10. 15, 20. 25 and 30 "C. provided these 
temperatures were J °C abi»vc the 1-UT Of the sex with the higher threshold The difference is expressed in days or as a 
percentage of developmental time of the slow developing sex. Expected standard deviation (SD.) of development time was 
calculated as SD, = 0.209 X" 1 '"where X is mean development time (Shaffer 1983). Expected coefficients of variation were 
calculated as CV - lOO(SiyX). 



RESULTS 


1. The distribution of development types between stadia and orders 

The frequency of developmental types A F in larvae and pupae differed significantly (Table 1, 
X : *22.6. rif=5, p<0.0Ul), largely due to the incidence of types D and H. For complete (egg-to- 
udult) development the frequency of development types did notdifTer significantly from that for 

pupae (%'—11.0, df^-5, N. S.) or larvae (X J= 8.5, df=5, N. S.). The differences between orders 
were not significant. 

2. Incidence of prot&ndry and prologyny 

On the basis of larval development most (64%) species can be classified as protandrous (table 2). 
Species that showed a switch from protandry to protogyny (or vice versa) were relatively fre¬ 
quent (29%), but protogynous species were rare (7%). In contrast for pupae protogynous devel¬ 
opment was commonest (46%), followed by protandrous development (26%) und a switch from 



Temperature 


Fig. I. Kchitiortship* between the rale f heavy line) and Ihc female (dashed line) developmental rates and temperature: A 
The slcpc ol the regression line for nsiilo development rate on icmpcraiurc (a w ) is less than that for females (a *„*«); the 
temperature at which male devciopmatful talc i> equal to that for females (T^) > 30 e C. D - (a> (a ^, u ); T„ > 30 °C. 
ft - (a „ J < (a BrMl! ): T„,< the upper development thresholds (LOT.) for males *■«! females. l)-(a«)>(a k*,,); T„ < 
LOT. R (a > (a ^), ir)T u -<T.,-<30 X\ F-(* ^,) < (a <_*), LDT.-vT.,-<30 “C. 


Table 3. The distribution of develop menial types A-E m larvae, pupae and complete development in several insect orders 
(sec Fig. I) 


Order 

A 

B 

Type o i sexual difference 

c n 

Ft 

F 

LARVAE 







rofcoptcra 

2 


i 

3 


S 

Diptcra 




2 

1 

2 

he ic (upturn 

1 




1 

2 

l.omopxra 




2 

1 

7 

llymcrtoptcra 

1 



J 


2 

Lcpidoptcra 

2 


i 

3 

2 

9 

Urllvoptcia 




1 

1 

1 

Ttiyaanoptcni 




r 



Sun total 

6 


2 

13 

6 

23 

PUPAE 







Colcuptcra 

1 

1 

2 


3 

3 

Pipxra 



1 

3 

1 


1 (vmcnop'xra 

1 


1 

t 

2 

3 

Lcpidoptcra 

1 

1 

2 


)2 

4 

Sun total 

3 

2 

6 

4 

18 

10 

COMPLETE DEVELOPMENT 







Colcoptcra 

1 


1 

4 

2 

2 

Dipicia 


1 


3 

1 


Hctc/optcw 





2 

! 

Hofiiopxru 

1 




1 

8 

Hvcncnopicn 


1 

1 

5 

5 

17 

Lcpiaoptcra 

I 

2 

3 

] 

7 

9 

Orthnptcra 






t 

Thysancp'cra 




1 



Sum lost 

3 

a 

5 

14 

18 

38 


protan dry 10 protogyny for vice versa) (26%). For complete preimagina'j development the distri¬ 
bution was similar to that based on larval development, but protandiy was less dominant with 
43% of the species protandric, 38% showing a switch in development and 18% protogynic. The 
absence of a difference in the developmental time of males and females was rare. The difference 
in the frequency of effective protandry, protogyny and switch in developmental types in larvae 
and pupae was significant (x 2 “23.7, df=2, p<0.005), as well as the differences in the frequencies 
observed in complete and pupal development (yM 1.1, df=2, p<0.005). The difference in the 
distribution of developmental types in complete and larval development was not significant 
(X j ~ 5.9, df*2, N. S.>. 

3. Effect of temperature on the Incidence of protandry 

With increase in temperature there was an increase in the proportion of species showing protan¬ 
dry, in their larval and complete development (Fig. 2). The ratio of species showing protandry 
and protogyny differed from 1:1 only at temperatures of 20 °C. The increase in the incidence of 
protandry with increase in temperature was due to the distribution of T*, for those species that 
showed a switch between protandry' and in their development. For pupae, the proportion of 
species that showed protandric development varied little and the ratio of protandry to protogyny 
did not differ significantly from 1:1. 
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Table 2 Proportion of populations L'lol slxiwcd prrtandry. protogyiiy. a switch in development and m» difference in develop¬ 
mental lime between the sexes 


Development 

Larva 

Pupj 

Total 

TVorandry 

35 

12 

36 


(63.6) 

(26 1) 

(43.4) 

Hrotogyny 

4 

21 

15 


(7-J) 

(45.7) 

US.!) 

Switch 

16 

12 

31 


(29 1) 

(26.1) 

(37 3) 

*>J«i difference 

0 

1 

1 


(0.0) 

(2.2) 

(1.2) 


The differences in the devclopmenlal lime of the sexes decreased with increase in tempera¬ 
ture (Table 3). For larvae at temperatures above 20 °C the difference in development time in 
protandric species was approximately twee as long as in protogynic species. The same was true 
for complete development at 25 and 30 °C. However, the differences were not statistically signif¬ 
icant because the data was variable. 

4. The relative importance of sexual differences in developmental time 

The average relative difference in male and female developmental time (expressed as a percent 
age of the developmental time of the slower growing sex) were similar (Tabic 3). The scatter was 
large and the distribution of values was right skewed. Typically, most of the differences were 
less than 6%. The importance of these differences, however, may be small compared to the large 
scatter in the individual developmental times. Average expected coefficients of variation of de¬ 
velopmental time calculated for larvae and complete development (:n males) were 8.3*1 6% 
and 7.9*1.3% at 20 °C, and 9.4*1.6% and 9.0*1.3% at 25 °C. Comparison with the distribution 
of coefficients of variation of individual developmental times for several randomly selected 
species (Fig. 3) showed that a large proportion of the variation in the differences associated with 
sex was smaller than that caused by various intrinsic or extrinsic factors. Only in a small propor¬ 
tion of differences due to sex was the difference large enough to be significant because of the 
remarkable individual variation in developmental time. 



Fig. 2. The proportion of populations that show protandry over a range of temperatures, in larval (L>, pupal (P), and complete 
dev elopment (I). 
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Tabic 3. Tbc differences in development time in calendar days and expressed as the pcrcertapc of *c developmental lime of 
the sex with flic longer development (mean * SL) and the range of variation in brackets), and the number of species irK lulled 
in the analyse ol each temperature (N) 



Protandric development 

Pioiogynic development 

TcmpsraiurcfC) 

N 

Days 

Percent 

N 

Days 

Percent 

LARVAL DEVELOPMENT 

10 

5 

5.9i3.? 

9.2*10.5 

7 

18.3.122.3 

11.7*12.0 



(1.7-9.8) 

(1.4-27.2) 


(0.7-63.1) 

(0.3-35.9) 

15 

25 

11.8*25.5 

II 0*10.9 

14 

II 3*18.9 

93*11.5 



(0.2 122.2) 

(0.6-48 6) 


{0.0 57,8) 

(0.1-35?) 

20 

38 

8.2*22.9 

9.1+9.6 

14 

4.1*6.7 

54+7.2 



(0.0-118.7) 

(0.0-47.9) 


(0.2-24.7) 

(0.5-23.7) 

25 

47 

3.6*5.5 

9.5*8.2 

8 

1.7±2.9 

5.849.1 



(0.1-26.3) 

(0.7—44.9) 


(00-87) 

(0.2-37 5) 

30 

47 

2 1 ±2.6 

9.3*6.3 

8 

1 4*2 3 

6 4*10 1 



(00 14.8) 

(0.4-25 7) 


(0 0 7.1) 

(0.3-30.6) 

PUPAL DEVELOPMENT 

10 

3 

5.7*44 

12.3*15 6 

4 

13 8*22.0 

14.1*16.6 



(1.0-9.7) 

(1.9 30.2) 


(0.7-46.7) 

(1.5-38.5) 

15 

16 

3.0*2.7 

10.4*7.3 

18 

3 8*4 4 

9.8*79 



(0.4-10.0) 

(1 6-25.3) 


(0.2-9.2) 

(0.6-31.1) 

20 

16 

1.5*1.3 

10.1*8.6 

29 

1.4* 1.5 

8.1*6.8 



(0.2-4.6) 

(2 7-30.6) 


(0.0-72) 

(0.1-26 7) 

25 

19 

0.8*09 

S.7*8.4 

26 

0 8*1 0 

8.6*7.7 



(0.0-3.0) 

(0.3-32.8) 


(0.0-5.1) 

(0.2-33 8) 

30 

20 

0.6±0.7 

8.5x90 

25 

0.6*08 

9.2*8.4 



(0.1-2.2) 

(0.9-36.5) 


(0.1-3.9) 

(1.0-375) 

COMPLETE DEVELOPMENT 

10 

12 

23.3*24.8 

12.9*11.2 

9 

32.0*34.6 

16.9*13.0 



(2.7-88.0) 

(1.2-38.6) 


(2.0-91.3) 

(1.7-457) 

15 

32 

8.5*16.9 

7.5*7.1 

29 

11.3*15.2 

9.9*10.0 



(1.5-86.7) 

(0.7-34.6) 


(0.4-65.1) 

(1 1-37.9) 

20 • 

51 

5.1*16.5 

6.0*62 

29 

10.1*34.2 

78*13.1 



(0.0-113.4) 

(0.0-37.7) 


(0.0-183 7) 

(0.1-60 2) 

25 

59 

2.4±3.8 

6.3x4.7 

23 

1.9*37 

5.0+7.7 



(0.0-18.2) 

(0.1-19.0) 


(0.0-164) 

(0 1-32.8) 

30 

55 

1.8+2.3 

7 3*4 6 

27 

0.9* 1.5 

4.0+6.5 



(0.1-14.3) 

(0.5-18.8) 


{0.9-6.1) 

(0 0-32.1) 


DISCUSSION 

Comparison of the data on the effects of temperature or. insect development obtained from the 
literature is difficult because the authors used different methods. The mam sources of error in 
estimating LDT and SET are the different rearing techniques used and different time intervals 
at which the development stages were checked. The difference due to sex is less subject to error 
than comparison between populations since both sexes arc usually reared under identical condi¬ 
tions and monitored together. Thus the errors in estimating LDT and SET for males and females 
are similar and a comparison of the variation due to sex based on the literature is more reliable 
than a comparison of variation between populations and species. Nevertheless, there are few 
well documented studies of the effect of temperature on sexual differences in developmental 
time. There js little data on embryogencsis (e. g. Sedlacek et ul. 1990) although differences 








between the sexes do exist (Sivinski & Calkins 1990). The data for larval and pupal stages and 
complete development is available only for a few lens of species, whose distribution across the 
orders is uneven. This is probably related to the case with which the sex of living individuals 
may be determined in different groups. 

There is a high frequency ot'protandry in larvae and low ffeqency in pupae. Larva! protandry 
may have ihrcc causes, all of which need further study: (I) greater initial size of male larvae 
(i. c. mules arc larger at birth then females), (2) males have u higher growth rate and (3) males 
terminate their larval development at a smaller size. There is little data on sex related differenc¬ 
es in egg size and larval growth rate. Differences in liie weight at pupation (or adult eedysis) of 
the sexes are well documented. However, larval pupal or larval-adult moulting is determined 
several days before eedysis, by attaining a ..critical size*' which is, as a rule, much smaller than 
the size at termination of feeding (Nijhout & Williams 1974. Honek 1987, Ochieng-Odcro 1990). 
There is information on the difference between the sexes in the critical size for pupation. Pupal 
or adult weight is largely determined in the period after attaining the critical size, by nutritional 
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I jg 5. Above The distribution ofthe relative differences in male and female developmental times expressed a* percentage 
of the sex with the longer <lrv> lopmcnt time lor larvae (left) and comp le'e develop mail (right) at Temperatures 20 and 25 e C. 
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factors. Therefore, pupal size is variable and the differences due to temperature and food avail¬ 
ability arc often not reflected in similar differences in the developmental time (Mukerji & Gupy 
1970,'van Dijk 1994). 

A switch in development from protogyny to protandry or vice versa at intermediate tempera- 
hires (29% of eases occur during larval development) occurs frequently. This indicates that in 
many species ..proiaadric'* or ,.protogynic“ development is not fixed. In some cases at least, the 
median position of T*, may be an experimental artefact caused by small differences in male and 
female rate of development over the range of ecologically favourable temperatures. 

Pupal protogyny might indicate a higher rate of metamorphosis in female than in male pu¬ 
pae, presumably paralleled by different metabolic rates. In some cases pupal protogyny compen¬ 
sates for larval protandry (Gu ut al. 1992). As a result, the difference between die Sexes for 
complete prc-imaginal development are small and parallel the pattern of larval differences. 
Thus the degree of protandry shown by adults may be small in most cases. This review reveals 
that the average difference between the sexes is often smaller than the variation in individual 
developmental times. However, a precise quantification of both sources of variation, using pub¬ 
lished data, is difficult. The differences in the range of individual variation are huge. This 
appears to be due more lo the way the data were collected than to the taxonomy or ecology of the 
particular insect. There is need for a study that compares the effect of both sources of variation 
using a uniform method. Even the present data, however, cast doubt on the adaptive significance 
of much of the sex-related variation in developmental time. 
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APPENDIX 

Species included and their basic characteristics, development typc(DT). lower development threshold for males (MLDT) 
and females fFI.DT), sum of effective lcri))ccatiire$ for males (MSFT) arui ferwks (FSET), and tomporaturc of equal 
development length of males and females (I*,) 
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TOTAL DfcVWJlPMBNT 


AMbmomM g/onais Bocaman 

Col 

C 

11.9 

11.9 

276.9 

273.8 

(1.9 

Fye«al 1969 

Anifioncmut grunt is ihurberiae C.eCoiKp 

t:.j 

E 

10 9 

Ml 

SOI K 

794.7 

1X8 

Fyccinl 1969 

Demetta turdarius L. 

Col 

r 

9.8 

9.6 

7172 

759.9 

13.2 

Coombs I9 7 8 

Trugrulerma arlkreratdrs (SlimpV 

Col 

B 

18.4 

155 

488.3 

546* 

42.6 

Bar^t-tsaCantinell 1964 

Trogodtrmo giabrum (Hccblt) 

Col 

D 

10.2 

10.8 

9L0.8 

9953 

3.7 

Ait'acr Sc Slror.g 1975 

Tragpderma gruaariuin ajrvm Priesiier 

Col 

D 

197 

20.0 

377 3 

*K9 5 

10.4 

Huikwi 197J 

TrOgoJerma gmnaritmi tfrjm Pficsoir 

Col 

A 

19.0 

20.6 

369.3 

3342 

35.8 

Ba*h--l:97J 

7 rogodrrma imratum Roller 

Col 

D 

16.7 

17.9 

617* 

631.2 

- HS.6 

HkIbui 1973 

Tivgoderruj vanabit* Ballion 

Col 

F 

lii 

122 

(•33 7 

850.8 

25.1 

Parinla 4t Sirr.ng 1975 

Tragede'* t*i vmui/tar (Cnmlec*) 

CiA 

D 

17.1 

17.1 

5102 

*02.6 

17.t 

Harhuiy 1955 

CVi<m u i myi o sy ng trm utt (i i ar Jy | 

Dip 

D 

8.8 

3.8 

2644 

267.6 

8* 

Cheah 1987 

Cuitx t*f«rrf(Tbcntuild> 

0:p 

V 

7.9 

79 

718 5 

7IK.5 

7.9 

Lmdc d »t- 1WI 

CWe» rteitori{Tbeobald> 

Dip 

V 

8.2 

86 

2192 

223.8 

‘I0.9 

Linde at al. 1991 

Orasophila melam,getter (Meigrr) 

Dip 

B 

11.7 

11 4 

139 6 

141.5 

326 

Zwiuuieial. 196X 

Leeihrumtlia adusfo (laiew) 

Dip 

D 

8J 

8.6 

5386 

566.7 

2.5 

Jackson e! a). 1970 

Ktunrricpris mferem Town sen.! 

Dip 

E 

10.1 

107 

4(19 2 

3V4.1 

76.6 

David el uL 1981 

Lygu* dtse/lus Knight 

llet 

E 

11.9 

12.2 

304.7 

2982 

26.0 

Duller 1970b 

Wytfus vj’iw BergniQi 

Met 

F 

15.7 

15.5 

7.64 5 

271.7 

210 

Kehai A Wvndh.im l«m 

Shphanuis pyroUes (Scott) 

llet 

E 

12.7 

12.8 

359* 

35U 

16.9 

Keal&DousUs I98K 

AtHtitN/Ih mraniit (Mask) 

Horn 

» 

12.5 

11.5 

336 3 

4376 

15.8 

Yu*la*ck !VKX 

Cieaduiitm mbita (Naede) 

Han 

A 

17.7 

18 I 

206.3 

2C0.5 

319 

Rose 1973 

Cirsvfuiinc mbita (\wiite) 

Horn 

E 

12.9 

13.7 

3436 

325.4 

2X0 

van Rm»bag 1982 

CteodUfM puraiat C hauri 

Horn 

F 

14.4 

12.1 

325.1 

405’ 

23.7 

Ron 1973 

CkteuHna storey! Chin 

Hon 

F 

17.7 

154 

200 4 

2896 

72.9 

Ko»r 1973 

Cotxotnus fuivui (Cow peic k. Anincie) 

Mom 

F 

(1.6 

It.5 

355.6 

374.8 

135 

Ogala 1987 

Empyes cafitter ([ 1 »rr is) 

Hoot 

F 

3.9 

8 J 

352.2 

396 1 

13.7 

Sher& Shields (991 

GroetiaelUi mgnfroru (Forties) 
r*iruaa)ccus herremCen & William 

Hon. 

F 

138 

132 

3110 

349 3 

18.7 

SedtaceV rt fll 1990 

Hem 

F 

15.S 

15.4 

195.8 

207.6 

214 

Kene racial. 1989 

Ptrriteutii/atpis /* , nM£nntf (Tar^iam-Toned) Horn 

P 

59 

4.6 

447 3 

578.5 

IK) 

Bah 1980 

Anugng gitauIhCav, ford 

HjTO 

E 

10.2 

10-3 

195.8 

194.6 

265 

Meverditk&Moralorn 

1987 

Smith 1992 

Anuuptttomolui caionJ'ae (1 krwanf) 

JI)HI 

D 

165 

16.8 

133.8 

137.5 

5.7 

Aphid tut colemoni Vicjfck 

ilym 

E 

4.0 

15 

70I.6 

735’ 

19.0 

Sierais 199? 

Aphyta melUnut DetSach 

ll>m 

F 

13.3 

13.4 

187.6 

187.7 

174.3 

Abdelrahmai 1974 

Hrnchwrrto fa>u.i (Walker) 

Hym 

F 

179 

17.3 

176 Cl 

703.4 

15.9 

M;o <5 Kunimi 1994 

Bracoa meilifor'Svf 

ll>m 

F 

11.0 

96 

205.5 

264.4 

15.9 

QarfKhlctal. 197? 

C.hfysofkirti partsi t'Tjiwfnrri 

Hym 

F 

17 1 

11.2 

207 .K 

224* 

73.1 

Chnvhc * Pnrell . IV87 


125 





continued 


Sp«Ms 


<*dcr* DT MLDT F1DT MSCT FSET 
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TrngmJerma grOra/ium Everts 
Iragodrrma graiwium ajr\tm Pncgrer 
Trogatterma granafium jf/um ’"rirrUICi 

Trogodtrma Inchtsum LcConte 
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14.3 

158 1 

Ilyin 

D 

14.3 

14.3 
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6s:ka 

-1.4 

Re clKnbKb&Siaiis 
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17.6 

Barhwi 1973 

49.5 

29.8 

Sadaxvi 1973 

45 5 

369 

SOraig 1975 

66.0 

16.7 

Qidswl 1973 

575 

18.6 

Sirring A Mead 1975 


126 







TrvxiHierma varwfnlt liillinii 
Trego dent. a sent r>i,V (C re ime r) 
Cu!ru)U.\, /ntirtxupf ,,mHoftnun 
CuHcoVeS nutuiippimfU 1 lortmar. 
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Ah.'tract. Chinese species of Aphodius llligcr. 1798 subgenus Pstuducrmsiu Rcittcr. 1892 arc reviewed Two new 
species from ihc Qinghai province, 4 (P)kalaht sp n and A. (r.)</inghaiensis sp n.. both closely related 10,4. (/*.) 
pr&walskyt Rcilter. 1887, arc dcscr.bod./f. [P. ) subserlceus BatlKKi, 1878 comb. n. is transferred from the subgenus 
Aniidurus Mulsani ct Hey. 1869. Lcctotypcs and/orparalcctotypcs fora. IP.) grombezewskyi D. Koshanfschikov. 

1891 .A. (,P.)itasuius Reittet. ) 887. A. {P.)pnewa!skyi Reiner, 1887 ,Aphodiusconcurs Rcittcr, 1892, A krllen W. 
Koshantschikov, I9SI, A mehefyi Csik: inZichy, 1901, andA.roschlapiliCfiiki inZichy, 1901 arc designated (last 
four ta*u its synonyms toA.(P ) nusutus ). A (P )grwnhatnvskyi is recorded from Chirm (Xinjiang) lor the fust lime. 

A tic* subgenus from IhcQmghni province,X/? hodius {Qingaphodius sbg. n.) fora. ( Q.)nikodymi sp. n. and a. (Q.) 
odwionanvn sp. n. )s propused. Both new species are (Led with small mammals, the lormcr withAfamiorcz himahxyana 
(Hodgson, I Ml), the loiter wiihOchciona sp Chinese Pseudacrossus and Qingaphodius sbg. n species arc keyed, 
their cpipharyng: and male genitalia arc figured. 

Taxonomy, new subgenus, new species, new combination, distribution, Coleoptera,$caraha*idae v 1/>Wiu.v, 
Amirinru*, Pseudacrossus, Qingaphodius shg. n_ Palaearctie region 

INTRODUCTION 

Tbe present part of review of Chinese Aphodius Illiger, 1798 species is dealing with the subge¬ 
nus Pseudacrossus and with a new subgenus, Qingaphodius sbg. n.. related to Pseudacrossus. 
The subgenus Pseudacrossus was erected by Renter in 1892 with a type species Aphodius 
( Pseudacrossus ) gromhezewskyi. According to recent world catalogue (Dellacasa 1988) the sub¬ 
genus comprised 29 species. Nearly all so far known species (28) are confined to the Palacaretic 
region (including the transitional zone of the Himalayas) and one is described from the Nearctic 
region. But the subgenus is in my opinion not homogenous. Many species probably belong to 
other subgenera. Therefore a thorough revision of the majority of species listed in Dellacasa 
(1988) is badly needed Six species including two new species described in this paper, are cur¬ 
rently known from China. In Dellacasa (1988) there are listed as Pseudacrossus species also 
Aphodius abscondiius Balthasar, 1932 and A Justus I'etrovitz, 1972. both described from Chi¬ 
na. s have an opportunity to study the type material of both the species belonging in my opinion 
to the subgenus Bodilus Mulsant ct Rev, 1869. Aphodius peculator Balthasar, 1971, also listed 
in Dellacasa (1988) as a Pseudacrossus representative and possibly inhabiting China, was trans¬ 
ferred by Stcbnicka (1989) to the subgenus Koshantschikovius A. Schmidt, 1913. A new subge- 
ntis, Qingaphodius sbg. n., is proposed for die two species described here showing an extraordi¬ 
nary form of sexual dimorphism. 
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MATI*RIAL AND METHODS 


Mouthpaits of three specimen*, if available of each .species under study, were dissected for examination of epipharyngeal 
structures ihe dissected nwjuthparls were mounted in the Liquidc dc Swann or permanent slides ami examined with 
stereoscopic microscope Mwptr, A I! permanent slides are deposited id DKCK Motphu logical tonranolcsy concaving epipba* 
ryngcal structures was adopted from Dellacasa (1983). 

The follow ing codes (after Aiitcti 0* al. 1993) identify the collections housing the material examined: 

DZCL- Czech Republic. Lovosicc, Bohdan Zvari C collection; 

DH1C - (Jetmany. Ebcrswaldc-Finow, Deutsches ftntomologiscbcs lnslitut(I.. Qchnc); 

DKCP Czech Republic. Praha, David Krdl collection; 

JKCP - Czech Republic. PculChrndy. )ifi Rcjsck collection; 

HNHM - Hungary. Budapest. Hungarian Natural History Museum (O. Mcrkl, O SziJ); 

MNCP- Czech Republic, Praha, Milan Nikedymcollection; 

MHNG - Switzerland, Gca&vc,Museumd’Histoirc naturcllc(I. Lobl); 

MNHN - France. Paris,Musdum -lational d’lltstoirc naturcllc (Y. Cambefort); 

NHMB Switzerland. Basel, Naturhistorisdtes Museum (M. Brancucci); 

MRCD Czech Republic. Dobhehoviee, Mikislav Rnkoviicollection; 

NMPC- Czech Republic. Praha, National Museum (Natural History) (J. Jcllnck); 

PDCV- France. VemCrcs IsBuisson. Patnee Bordat collection; 

RCCP - Czech Republic, Praha, Racck Cervenka collection; 

SJCP - Czech Republic, Praha. Stanley Jakl collection; 

ZM AS - Russia. St. Petersburg, Zoological Museum, Academy of Sciences (B. M. Kataev, M. G. Volkovich); 

ZMHB - Germany, Berlin. Museum fur Naturkundc dcr Humboldt UniverstiUit (F. Hicfcc. M. Uhlig). 

Specimens of the newly described species arc provided with one red printed label: "[Name cf a taxon] sp r.. HOLOTYPUS, 
ALLOTYPUS ot PARATYPUS with No. cJ or 9, David Krai det 1997". In the ease of lee to type and/or paralcctotypo 
designation, each specimen hears a red printed label: "[Name of a taxon), LECTOTYPUS or PARALECTOTYPUS with 
No. <J or?. David Krdl design 1997". Exact label data arc cited for the material, separate labels arc indicated by slashcs(/|. 
Author's remarks and complementations arc found in square brackets; |p) - preceding data within quotation are printed; Jh] 
- thesame but handwritten, [*| - according to personal communication by 0. Mcrkl (HNHM), these red handwritten labels 
were not written by RcjMct but later by a curator of Budapest museum (Kaszab or Szikessy); MS - manuscript, HT 
holotypc, AT allotype, PT - paralype, x/y- number of males /number of females. 

SYSTEMATIC PART 

Aphodius ( Pseudacrossus ) grombezewskyi D. Koshantschikov, 1891 

(Figs I. 13, 14) 

Aphodius(Amldonts) Grombezewskyi D. Koshantschikov, 1891:439. 

Aphodius [Pseudacrossus) Grombezewskyi: Rcittcr, 1892: 218-219. 

Aphoriius{Ps^uiarrassus)gromhczrwskyr Nikntm. 1974- 466;G. Ddlacaia, 1983:393,394 393. figs919-922; Nikolarv, 
1987: 102. 108. H9.M. Ddleeasa, 1988: 136. 39S. 

Aphodius{Agoiius)przewoiskii yjbsp. grombezewskii: W. Koshantschikov. 1911 205 208 
Aphtrdius {}'seudagolius)przewaiskyi var. grombezewskyi: Schmidt, 1913: 150; 1922: 235. 

Aphodius (Pseudacrossus)pntmalsfyigrombezewskyi: Nikritin, 1973: 615. 

Aphodius (PseuJaciussus)Pnewulskyi vat. Daruippiezi Clermont, 1907: 170 
Aphodius [Psivdagnhus)przevxtlskyt var duraignezi: Schmidt, 1913: 150; 1922: 7.35. 

Aphodius (Pseudacrossus) przewolskyi Mb. duraignezi: Balthasar. 1964 309. 

Aphodius (Pseudacrossus)grombezewskyi ab. daraignni G. Ddlacasa, 1983: '395; M. IXIJaeusn, 1988. 118,395. 

Type locality. Alai-Gcbirge (D. Koshantschikov 1891). 

TvpiMAifsiAt txAMiMJi. Lcctuiypc and 10 paralcctotypes by present designation: Loctotypc (male) and paralcctotypcs No J 
(male)arid Nos 2-10(females) ’Turkestan Alai (nrtsjfh]/Aphodius Grombe/evskii Kodl. (probably D Kosbaittschikov's 
MS J", all in ZM AS. parulcdotypc No 11 (male): "Alai Get*. [mt&] [h) / Syntypus [p, rod label) > Aphodius GrotnbtZCWikyl 
m:hi |D. Koshantschikov's MSf‘.io DfilC. 
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Al>r>moNAl.MATFft:w. rxaminrd. China, Xinjiang D«JinpAria,TioroclK»rc-Gb. finis], 60S. coll. Hauser, I spec in HNHM; 
Clian-Tcngfi, snoiif. mcrid, 4 Spec in ZHMB; Tien-chart. valie dc Yuuldotiz el du Kok&ou, f)i i. Vaillonl 1909, Aoul, 2 
*pcc. in MMIN', China. 87"l I E, 43® 16 N, Xinjiang Uyguircg..Hauxia,2SD0ni. 17. 21 VII 1991,6 spec, in DKCP; China, 
Xinjiang, ca 2800 m,N slopeolTian Shan mb., road Kuqa Bayanbulpk. 50 km SW Bayanbulak, 11 13/5.1993. 3 spec, in 
DKCl'lCIrnu.Xinjiang, 2000-2500 m.NEslopcofTiftn Shan mis,road Urumqi llouxia. eafiOkmSW Ururnqi. 15-17/ 
5.1993.7 spec in DKCP; China - prov. Xin Yar.g i-Xinjiarg), fan-£an, Bayangol, 2100 m, 21 VII. 1994,4 spec, in DKCP. 
Kazakhstan: Turkman, Narynkd, Almasy, 1906,13 spec, in HNHM and 5 spec. in MHNG; Kazakhstan, Alma Ala. 10.8.1942, 
lg D Zay (label written in Cyrillic scrip!], I spec, in HNHM, 4 spec, in ZHMB, Alaiau [mis], Wcniojcf Alma-Ala], 4 spec, 
m HNHM; Aulie Ala [-DzhimbulJ. Sytdarja. 5 spec, in MHNG; Kara-fya, Scmirjelsetcnsk, I spec, in Ml INC; Scmiijc- 
tsehensk. Karocoaja-rcl., coll. Winkler, I spec, in MHNG; Semiijcuebeosk. AJmalrakaTal, l spec, in MHNG; Scmiijc- 
sclicnsk. Karkara, 9 spec, in MHNG;Tschapkardjol, Scmirjclscheiislc, 1 spec, in MHNG; Thian-S .Tckcsihal. I spec in 
HNHM. Turkestan, Aulie Ala f-D/lumbul]. 5 spec in HNHM. Vmwjc [=Alma-Aln], Standing. I spec, in DEIC; Wcmyi 
I Alma-Ata|. Turkcsl.. 1 spec in MHNG. 3 spec in HNHM. Wemojc [=Aicmi.AiaJ, coll Hiuser. 3 spec, in MHNG; 
Kazakhstan. Terskej Alaiau. 6.1958,1 spec, in DEIC; Mc*fci>-Kjzachsian,Zaalijslry AlaTau |mis], 1800-2400 m, 30.7.87, 
Z. MaSck jgt., I spec, in DKCP; USSR, Kuachsun. Alma Ala cnv., Levyj Talgarvall., 2000-2500 m, 16.6.89, 2 spec, in 
RCCP: SU, Kazachstan. Panfilov («=Dzharkcnr]. Dzlumgarskyi AlaTau (mis|, 20 - 26.6.91, 7500in,44® iO‘[N] 79® 30" 
[E], M KafVa Igl, 3 spec in DKCP. 3 spec, in RCCP. S O Kasnchslan.Oria-Taii Gi b -Kdie. Orln Karagajlly Schl., 2000 
2400 m. 6. 10.06.91, I spec, in DKCP, 12 spec. NHMB; S.-O. Kasachslan. A-Aia grass-Schtucht, 2500-3100 m, 26- 
30.06.91. Andreeva lgi.,2»pec. in NHMB Kyrgyzstan: TurkesGn. AJmfisy !906.Natyn, 12 spec. inllNHM;CcniralTjan- 
Shan. Naryngcbici Fluss. lal Kara-Kuldscbur, 3100 m. VII-1X, 1934. 3 spec, in MHNG; KaraRaiiau, I spec, in DEIC; 
KaTCRaitaj. Narynsk, I spec, in MHNG; Przcwalsk, lssyk-k j!,2 spec in I INI IM; Fcrganah.Oscli. 7 spec, in ZHMB, Turk . 
Oscli. Sarnmlung Slncklcin. I spec in MHNG . USSR.Kirgizia.CentralTjan-Shan.Naryrgdjicl. Flusslal Kara-Kuldschur, 
31 DO in. VII. IX. 1934, 3 spec, in DEIC; Ala Arta.2100m. Kirgiz. ehrebet |mls], 6 9 VII. 1976. Josef Krill Igl.. 4 spec in 
DKCP: USSR. Kirgizia. Ala Arta. Kirg. chrcbci [ms], 11.7.1979. 2300 m. Mir. Uvoftik Igl. I spec, in RCCP; USSR. 
Kirgizia her.. Issyk-Ala. 7.82, Ing. Z. Pokomd Ig:., I spec, in RCCP; USSR-K:rghizia. 12.-15.7.85, Terskei Ala Too Mb.. 30 
kmSSW Pjzcwal'sk. DzhetyOguz valley, 3700 m. Karel Major leg., 2 spec. in DKCP, 101 spec, in NHMB; USSR. Kirgizia 
her.. Gor Maevka. 7 87, Ing S Pokomy Igl, 5 spoe in RCCP; SU, Kirgizia. Kiigi/.\kiy Ala Too (mis], Ala-Archu vail.. 
2100-7500 m, 1 -IS 7.'88. coll I). Krai, 2 spec in DKCP, 37 spec, in NHMB; SU, Kirgizia, Kirgizskiy Ala Too (mU), 
42“23' lN|/74"48’ |E], Issyk-Ala-Yu vail., 3500 m. 1 8 '88. coll D. Knit. 2 spec, in DKCP. 56spcc. in NHMB; USSR. 
Kirgizia. Turn Soon Mis.. 3500 m. Terskej Alaioo Ridge, 30 km SW ofPizhcwabk, Jell Oguz, 28.6.89, Ccchovsky Petr lgt., 
24 spec in RCCP. Kirg., Issyk-kul rcg.. Barskau, 10-17.7.91, L JeniS lgt.,2 spec, in DKCP, 2 spec, in RCCP; SU. Kirgizia, 
Grigoryevka Kungey AlaTau (mis). 3000 m. 6.-10 7.,42°SC' 77°I5\ M. Kafka lgt.. 5 spec, in DKCP. Uzbekistan: Mai- 
gclan. Slaudgr.. I spec, in DEIC; Turkcsl., Matgclan. 2 spec, in ZHMB. Alai, Turkcsl. I spec, in DEIC: Alaiau, VI.04. 
Fischer. I spec in HNHM; Alaiau. J. Sahib.. I spec, in ZHMB; Ala Tau Get.. E Fischer, ] spec, in DEIC; Buchara, 
Huberhauer, I spec, in DEIC; Kirgisen-St [eppen], Conradl., I spec, in ZHMB; Turkestan, coll Kraal*, 2 spec, in DEIC; 
Tjrkestan. Reittcr, 3 spec, in HNHM, 3 spec, in ZHMB. 

Diagnostic characters. Medium sized species {body length 6.2-7.6 mm), oblong, moderately 
convex, entirely dark brown to black, rarely chesnut brown (dcscr.bcd as var. daraignezi) colo¬ 
ured species. Dorsal surface moderately shiny, entirely glabrous. Head trapezoidal, slightly con¬ 
vex at middle, anterior clypeal margin distinctly roundly sinuate, anterior angle rounded, clypcal 
convexity subobsolete. sutural tubercles absent, gena rounded, exceeding distinctly eye, clypeal 
surface coarsely and densely punctate, puctures separated by approximately once their diameter, 
anteriorly scarcely rugopunctate. Pronotum moderately convex, widely subparallel; anterior an¬ 
gle rounded, only slightly projecting anteriorly; side broadly rounded in anterior third, then 
nearly straigtht, slightly diverging to rounded posterior angle; basis regularly rounded, distinct¬ 
ly bordered. Pronotal punctation double, consisting of coarse and sparse, rather irregularly dis¬ 
tributed punctures, intermixed with finer regularly distributed ones, separated by at least once 
their diameter (mostly about twice their diameter) at disc; coarser and closer, separated by most¬ 
ly less than once their diameter, laterally. Scutetlum triangulate, approximately as wide as long, 
punctate basally. Elytra moderately convex, slightly dilated posteriorly, with microrcticulation; 
humerus denticulate; striae distinctly impressed, stria! punctures slightly crcnating interval 
margins; intervals almost flat superficially bur distinctly punctate. Macroptcrous. Metastemal 
plate scarcely concave, moderately shiny, with several coarse, irregularly distributed punctures. 
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Ventromedial protibial edge with row of denticles; terminal spur of protibia in male stout, long, 
acute apieally, bent anteroventrally; in female simply pointed. Apical margin of meso- and meta- 
Tibia fuubriate with strongly unequal setae. Basimesotarsomerc shorter than superior terminal 
spur, inferior terminal spur of mesotibia in male shortened and obliquely cut off, in female 
simply acute. Basimctatursomcre approximately equal to superior terminal spur and lunger than 
next two tarsonteres combined. Aedeagus (Figs 13, 14). 

Epipharynx (Fig I ). F.pitorma and ptemotormae distinctly sclerotized, area of proplegraatium 
Seleiotized, with slightly indicated apOtormac. Helus basally with several scnsdlae and laterally 
with microtrichiae and 4-6 thick setae. Corypha with 6 7 shon and thick setae. Chaetopaiia 
with one row of long, thick setae. Chaetopcdium in addition to numerous microtrichiae with 15- 
17 long, thick setae. Acroparia and acanthoparia covered with thin, medium sized setae. Apo- 
phoba and ipophoba covered with numerous microtrichiae. Ncsium with double row of rather 
irregularly spaced scnsdlae. 

Dun Kiati noN. First record from China (Xinjiang); Middle Asia (Alai, Pamir and Tian Shan mts) 
(for more details about distribution see Nikolaev 1987, Nikritin 1974, Protsenko 1968, 1976). 

Aphodius {Pseudacrossus) kalabi sp. n. 

(Figs 2, 15, 16) 

T t?f MA7FJUA l. Hototypc (male), allotype (female) and paratypcsi Nos 1-13 (females). Nos ! 9-26 (males), labelled: ’’China. 
EQir.ghai prow CHALAXUNG. 4000 m 19.7.1992 |pj"; pararype No 27 (male), labelled: "China, EQioghai prov. pass ca 
SO km SW of HEKA 22.-25.6.1992,4700 m |p). Hololypc.all.MypeandpjratypesNos 1.2,5-8, ID-20,22-24,26 anc2 7 
in DKCP: pantype No 3 in MNHN; No 21 in MRCD;No4 in PBCV;Nos9and25 in RCCP. 

Description. Body length 6.5-7.4 mm (HT - 6.8 mm, AT - 7.1 mm). Oblong, moderately 
convex; dorsal surface shining, without microrcticulation; colour chesnut brown, pronotum and 
ventral surface darker brown; dorsal surface entirely bare. 

Male. Head trapezoidal slightly convex at middle. Anterior clypca) margin slightly upturned 
only near anterior angles, broadly sinuate at middle; anterior angle rounded, sides almost straight. 
Gena regularly rounded, distinctly exceeding eye. Clypeal surface slightly depressed only near 
anterior emargination. Clypeal convexity almost absent, sutural tubercles absent. Frontal suture 
indicated only by short line at each side, genal suture distinct. Clypeal and occipital surface 
coarsely, almost regularly punctate, punctures separated approximately by their diameter; in 
some specimens this punctation confluent with wrinkles near anterior and lateral margins. Frons 
a little sparsely and less coarsely punctate than clypeus. 

Epipharynx (Fig. 2). Epitorma and pternotonnae distinctly sclerotized, area of proplegsna- 
tium sclerotized. with slightly indicated apotorrr.ac. Heins basally with several scnsdlae and 
laterally with row of several sensillao. Corypha with 7-9 short, thick setae. Chaetoparia with 
one row of medium sized, rather thin setae. Chaetopedium with 5 -7 thick setae, microtrichiae 
only sparsely spaced. Acroparia and acanthoparia covered with thin, medium sized setae. Apo- 
phoba and ipophoba covered with numerous microtrichiae. Nesium with double row of rather 
irregularly spaced scnsillac. 

Pronotum moderately convex, wide subparallel, scarcely narrowed anteriorly, anterior angle 
rounded, only slightly projecting anteriorly; side broadly rounded in anterior third, then nearly 


» 

Figs I- 4. Fpiptimynx. Aphodius (Pseudacrossus) gwmbezewskyi D. Kotltin*Ar.hikfiv (Xinjiang, Bayanbuf«ik){l), A. (P.) 
lu/labi sp. n. (PTNo27) (2).,4. {P.) nonius KeuicrlKussiu. DareMni) {3).A.(P )pntwuL*ky! Rcj|tur(Qjn&hft. F.rtuU) 14). 
Scale - 0.3 nun. 
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straight, siightly diverging to regularly rounded posterior angle; basis broadly rounded. Anteri¬ 
or margin without border. Anterior angle, lateral and posterior margin bordered, in some spec¬ 
imens border of posterior margin laterally indistinct. I’unctation of pronotuni double, consisting 
of coarse, sparsely and irregularly distributed punctures, intermixed with some tine ones: punc¬ 
tures separated by twice and mote their diameter at disc, laterally punctation becoming only 
little closer (punctures separated at least by more tlian their diameter). 

Scutellum triangulate, approximately as wide as long, with several eourae punctures basally. 

Elytra moderately convex, slightly dilated posteriorly, widest behind middle, humerus finely 
denticulate. Striae narrow, distinctly impressed, stria! puetures moderately deeply impressed, 
separated by more than their diameter, slightly crenating margins of intervals. Striae 1 and 10 
completely developed, reaching nearly apex of elytra, stria 2 joining 9 just before apex, stria 3 a 
little shortened and joining stria 8, striae 4-7 shortened distinctly and confluent subapieally. 
Stria 8 shortened distinctly before humerus. Intervals almost flat, wide, microscopically, irrcgu 
larly, sparsely punctate. Sutural interval angusuue apically. 

Macropterous. 

Metastemal plate scarcely concave, moderately shiny, with several coarse, irregularly distrib¬ 
uted punctures bearing pale erected setae; longitudinal middline subobsolete. Abdominal slet- 
nites moderately shiny, shgrccncd, with pale setae. 

.All femora shiny, with coarse, irregularly distributed punctures. Protibia with three sharp 
external teeth and with row of external denticles in basal half; ventromedial edge with row of 
small denticles, 1 2 of them at middle more developed; terminal spur stout, long, acute apically, 
bent anteroventrally. inserting against emargmation between apical and medial teeth, reaching 
approximately protarsomcre 3. Apical margin and two well expressed transversal carinac of 
meso- and metatibia fimbriate with strongly unequal setae. Basiraesotarsomere shorter than 
superior terminal spur, inferior terminal spur shortened and cut off. Basimetarsomere scarcely 
shorter than superior terminal spur and equal aproximately to next two tarsomercs combined. 

Acdeagus as in bigs 15, 16. 

Female differs from male by the following features: pronutal basis not bordered, mctasternal 
plate entirely flat, terminal spur of protibia shorter, narrow and almost not bent anteroventrally, 
inferior terminal spur of mesotibia acute apically. 

Differential diagnosis. The new species is closeiy related to A. {P.) gmmbczewskyi, A. (P.) 
prrewahkyi and A. (/'.) qinghaiensis sp. n. (see the section Discussion), bor the differentiation 
from related species see the complex of diagnostic char acters ir. the key below. 

CoLLtxriov CIRCUMSTANCES. All specimens were collected on open alpine pastures and grasslands 
at an altitude of about 4000-4700 in a. s. 1. in dung of large herbivorous domestic mammals 
{Bos, t'quus , (Ms). 

Namk derivation. Patronymic, named in honour of my colleague, Jaroslav Kaiab (Jinalovice u 
Bina, Czech Republic). 


« 

Figs 5-8. Epiphurynx. Apboditts (Psit/acrvsms) qiHghutcnsis sp. n. (PT No 9) (5),A.{P.).u,hxericeus Ballioo (Kazakhstan. 
Oru-rau mts){6),^. (Qingaphotitus sbg. n.) trikodymi sp. n (PI No2) (7), A.{Q )>*h0*onan>m sp.n. (AT) (fi) Scale - 0 t 
ran 
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Aphodius ( Pseudacrossus ) nusutus Rcitter, 1887 

(Pigs 3, 17, 18) 

Aphodius (Aphodius) nusutus Reiner, 1887: 221. 

Aphodius (Pstudarrossus) nasutus: Balthasar, 1%4: 302. 307- 308; Nikolaev A Punisagdulam. 1984: 137 138. 157. 
Aphiubn* (Psi'udaguhux) nusutus: Schmidt. 1913 150. 1922: 233. 236, Ror.comoiil, 1929: 782. 

Aphodius ( Amnions)consorx Kciltcr. 1892: 104 (syr.. by Schmidt 1922) 

Aphodius {Avutinus) permodicus Roller. 1895: 208 (*yn by Schmid: 1922). 

Aphodius [Melinoptmts) mehelyi Csiki in Zichy, 1901: Ki8 |syn by Schmidt 1922). 

A.nhodus (ChUothorax) kelleri W. Koshantschikov, 1911 ; 21-22,1913:205 (syn hy Schmidt 1922) 

Aphodius (P.x,'udax<iliu*)neco/>imis Balthasai 1972 165 (syn by Bn.lih.iSjir 1964) 

Aphmhus (Mehrwpterwi) Ruschlupih Csiki in Zichy. 1901 108 

Aphodnis (Pseudagohus) nusutus vat. rusvhtapih. Schmidt, 1913. 150; 1922: 236. 

Aphodius {Pseudacrossus) nasutus ab. roschlaptli: Balthasar, 1964: 307; M. Dcllacasa, 1988:190, 395. 

Type locality. Zaidam (region], am Fusse des Burchan-Buda [mis] (Reittcr 1887). 

Tvrf XaTI-»-*,i fx*,minfi>. Aphodius {Psmdacnwsus] nusutus. Lwtolypc (male), by present designation. "AjikJo 1884 Przcval- 
sky CpJ/Burih.faaJ Bucia |misj 9 | |tKM>. (hj/Aphodius r.asiWus m. n. >p. |RetUcr s MS]'. in ZMAS. 

Aphvdlusconsors. Lcctoiypc(male), by present designation:■'Nardl Mangold Changai l.cdcr1p].'cotl. Rcitter fp] / A. 
cornersrn 1893KachIrafiJRcittcr'sMS)/ llolotypiis 1892 AphodiusjAxktoru.s)con.srt«ReilTC;r*r.inirNHM, 

Aphodius n.cJtr.Iy;. l.cctotyiic (male) and paralccolypC-sNTrt I ? (males) awl Nos 3 7 (femplcs). by present designation: 
’'Mongolia, Burg-lllai Jj>) IX.5.1898 [h] / hap Zichy leg. Csiki fpj / A. Mehelyi Typus del Csiki JCsikj’s MSJ/l'iira-lypus 
1901 Aphodius (Mclinopterus) Mehelyi Csiki (•]“. all m HNHM. 

Aphodius roschUtpdl. Lectotype andparalcctolypci Nos 1 -3 i females), hy present Gcsigor.iicn "Mongolia, Burgaliai fp) 
IX.5.1898 |h| / h'xp. Zichy leg. Csiki (p| / A. Roschlapih Type ! Csiki fCsiki’s MS] / Holotypus |rcsp.) Pamtypus 1901 
Aphodius (Mclinoptcnw) Roschlapili Csiki |•)", all in 11NNM. 

A/>huJius kalk ri Lectotype, female, hy preseM designation "TTansbaicalicn IJmlga Keller fh) t Vol. Kcllcn m. W 
Koslwinbchikov fW. Koshanlschikov’sMS)/ -consersKltr fRenter s MS] /Paratypus 1011 Apt todies (Chilotborux) kcllcn 
Kosbantschikov [* J“, in HNHM. 

AmsiriORAi KwrtRML EXAMiNU). China. Qlnghal: KaJui-noorp" Qinghai lake]-'Rcitter. 1 male in NMPC. Mongolia: Mon¬ 
golia, Rurgaltai, IX.5.1898 / Rxp. Zichy, leg Csiki, I female in NMTC Mongolia: Central aimak. Ulan Baator. Nncht im 
Bogdoo). 1600m,27.Vm 1965, Exp Dr. 7.. Kas*>b. 272 Ratsiv ZabaykaJiyCSh:lka. Mrshrofanovo. IU.61896. 

K Suvorov (label written in Cyrillic script], 1 male in ZMAS. ZSSR. Bnjkai, ad. |rkut»k. 4 X. I960, leg. b Pisarski. 2 spec 
iaMHNO. Ro^va, Iransbcikalien, Tschita. 4.10.[I9J71.1 raaiein RCCFamJ 1 female in DKCT; USSR. X.1980, Irkutsk, 
Tunijcv let. 1 male in UKCP; USSR, Transbaikai., Dara.vun, IX 1984, leg. Shiler.kov, 3/1 in IIN11M. 

Diagnostic ciiAXAtrTERs. Medium sized (body length 4.6-5.5 mm), oblong, convex, bicolorous 
species (eiyrra light to chesnuf brown with dark spots, rarely spols confluent or missing, rest of 
body dark brown to blackish brown). Dorsal surface strongly shiny, entirely glabrous. Head 
semicircular, anterior clypeal margin deeply sinuate at middle, anterior angles rounded, clypeal 
sides regularly rounded up lo rounded gerta distinctly exceeding eye, clypeal convexity and 
frontal tubercles present, medial tubercle more expressed in male, in female tubercles subobso- 
fe!c. Clypeal surface coarsely and densely punctate, punctures separated by less than their dia¬ 
meter. Froao'.uin convex; anterior angle rounded, only slightly projecting anteriorly; side broad¬ 
ly rounded in anterior third, then nearly straight and parallel {in male) or subparallel (in fe¬ 
male); posterior angle rounded; basis regularly rounded, distinctly bordered. Proiioia! puncia- 
tion double, consisting of coarse and sparse, irregularly distributed punctures, intermixed with 
finer ones, separated by approximately twice their diameter. Scutellum triangulate, longer as 
.vide, punctate basully. Elytra distinctly convex, slightly dilated posteriorly, without microretic- 
ulation; humerus without denticles; striae distinctly impressed, stria! punctures remarkably crc- 
natir.g interval margins; intervals only very slightly convex, intervals punefation very sparse 
and fine, Macropterous. Metastcmal plate flat, shiny, with medial longitudinal line, and lateral¬ 
ly with several coarse punctures bearing setae. Ventroitiediul protibial edge with row of fine 
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denticles; terminal spur of protibia in male stout, long, acute apically, bent anteroventrally, in 
female simple pointed. Apical margin of meso- and metatibia fimbriate with strongly unequal 
setae. Basimcsolarsomere a little longer than superior terminal spur, inferior terminal spur of 
mesotibia in male shortened and obliquely cut off, in female simply acute. Basimetatarsomere a 
little longer than superior terminal spur and approximately equal to two next tarsomeres com¬ 
bined. Aedcugus (Figs 17, 18 ) 

lirrpiiARYNx (Fig. 3). Epitorma aud pternoiormae distinctly sclerolizcd, area of proplegmatium 
only very slightly sclcrotized. llelus basaily with several scnsillae, laterally with row of sensillae 
intermixed with 3 -4 short, thick setae. Coiypha with 5 short, thick scrae. Chaetoparia with one 
row of medium sized, thick setae. Chaetopedium with numerous medium sized, thick setae, 
intermixed with numerous rnicrotrichiae. Acroparia and acanlhoparia covered with numerous 
thin, medium sized setae. Apophoba and ipophoba covered with numerous long and thin setae. 
Nesium with one row of fine short setae and laterally with group of numerous scnsillae. 
Distribution. China: ”Tibet“ (e. g. Balthasar 1964), Qinghai, Mongolia and Russia (Baikal 
region. Transbaikalia). 

Aphodius {Pseudacrossus) przewalskyi Rcittcr, 1887 
(Figs 4, 19,20) 

AphocUus (Acnrssuz) Frzewaiit?' Renter. IS87; 226. 

Aphodiu3{PseudacrosiuJ) pnewlikyl: BaHha&ai. 5964: 102,309;Nikrura, 19“4: 466, G. RcUacaM 1983.392,396-397, 
fi& 915-918; M. DcUacan 1988:183, 395. 

Ap/todiia (Gonuphodiut) PnevaLkyi: Rdttcr, 1892: 219, 240 

Aphodiu’r(Aguhia);irzewahtHSiibip.przemiiahi: W. Kr&hnnlscliiknv, I9l I 205 209 
Aphoz/iu (Pseudagotiui ) przewuhkyi: Schmidt, 1913:150; 1922:233,235vBoucmr.out, 1929:782. 

Type locality, /ufliisse des Blauen Flosses [=C'hang Jiang riverj, n&mlich Kuntchum tchu, 
Tchum-tcha-uma und By-djum (Reitter 1887). 

Tvit ma ilbml exam ini®. Lcet«>ly(>e (ma3t:)und paralcciolypc (female), designated by G. I)cl!iu:a>a (1983) "Amdo 1884 
I'rzevobfcy ipj /Syntypus Ip. red label]/Lccxolypus (reap.] 1'ara.ccMypus, Aphodius jxzcwalskyi Rti dcs. G. Dcllacssa 
3981 fill": paralcctocypc (male), designated by G. Del acasu (1983): "Aph. Przcwabkyi m l887Ccntr. Asien J Reiter* MS} 
rSyntypu* fp,rcdlabc13.'ParalccKitypo5Aphodiuspr2Cwalskyidts.G.DellacaM 1981 |h]“;allinZMAS. 27 pa ndccro types, 
by present «tcsigiwlion Ni>s 3-20 (males) and Nos 21 24 (females): "Arndo 1884 Przcvalsky [p)“,a3lin7.MAS; paralccm 
[ypeNo25(piiini^lnia!e): "Annie l8S4Pr/cvHkky|pJ/aill. Kcitlc* |p] /Para-typo* 188? AplKxli n (AcioiSus)Plzcwalskyi 
RciUcrf*]'Aphodiusprzcwalskyi Q Dcllsdun |dtf.J 1981 fhj*.inHNHM;pandceirnypeNo26(mule):"Rciitcr|hj i ApJ>. 
Prawalskyj m. Central As:cn (Renter s MS] 1 *, in D£IC; peralecUMypcs Nos 27-29 (males): "Amdo 1884 Przcvalsky [pj / 
toll Kraal?(pV‘« *n OF.iC. 

AiMmunAi. matcriai rxAMiNij China, Sichuan: Chinn,Sichuan, Raung, 2! 72.7.1994, 14/9in DKCP;China,NWSi- 
ctiuaii. Sen: J. 4>JW pi, 20.6 1995.2 males >n DKCP and 5 males in JRCP, Chino. NW Sichuan, road Garz6-Barong, 25 km 
S Garzc, pass 3500 m. 10.7.1995, I mak in DKCP ami 2/2 :n JRCP; Ch-NW Sichuan, +3700 in, 32.59N 98 06E, 3-+ 
15 7 l995.Sct\(icaiv., alpine meadow, I female in DKCP: Ch-NW Sichuan, l4.7.95,33.09N 97.30L'.pass UkmEXiwu. 
4000 m, alpine meadow, t fcmalcin DKCP Qinphai- Amdo 1881 Ptzcvalsky 'Hoang+o, IT/,-1400’, lmalc in 7MAS; 
Amdo 1884 PrzcwaJsky/Bjrcha'i Budda [nils], l spoc. in ZMAS; China. F Qinghai prov .pas-'ca 50km SWof Heka. 22— 
25.6.1992.4?00m, 1/1 in DKCP: China.E Qinghai prov.. Huusfcixiu. 4200 m.27 6.1992 .2 males in DKCP. Chinn, Qiliflg- 
hai, A’nycnmaqcn Shan fmi*|, Huashixia, 28.-3(1.6.1994, 4200 4800 m, 37-20 in BZCL and 6/2 in DKCP ; (June. E 
Qingliei pit>v..Qingshuihc. 4200 m, 1.—5.7.1992,1/1 in DKCP; China. 1: Qmghsi prov., Ch&l&xung. 4000n>, 19.7.1992. IW 
23 in DKCP;China,7* Qinghai prov.. Frtabcnv , 3800 m, 22.-23 7 1992, 5/6 in DKCP; China. SGQinpbai. read Yusbu- 
Toramarkog, pass25 kmSW YunIiu, alpine meadows, 1500 m. 23.6 I99S, 4/2 ill DKCP and 32/6 in JRCP. 

Diagnostic characters. Medium sized species (body length 6.0 7.5 nun), oblong, moderately 
convex; entirely chesnut brown to dark brown, rarely black coloured species, or in some speci¬ 
mens elytra light brown with dark .spots. Dorsal surface moderately shiny, entirely glabrous. 
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Head trapezoidal, only very slightly convex at middle, anterior cly|ieal margin roundly sinuate, 
anterior angles rounded, clypeal convexity subobsolete. sutural tubercles almost absent, gena 
rounded, exceeding distinctly eye, clypeal surface coarsely and densely punctate, punctures sepa¬ 
rated by approximately once their diameter, scarcely rugopunctate anteriorly. Fronotum moder¬ 
ately convex, widely subparallel; anterior angle rounded, only slightly projecting anteriorly; 
side broadly rounded in anterior third, then nearly straight, slightly diverging to rounded poste¬ 
rior angle; basis regularly rounded, not bordered. Pronotal punetation double, consisting of 
coarse and very sparse, distinctly irregularly distributed punctures, intermixed with finer, ir¬ 
regularly distributed ones, separated by once to about twice their diameter at disc. Punetation 
becoming coarser and closer laterally, punctures separated by less than their diameter. Scutcl- 
lum triangulate, approximately as wide as long, punctate basally. Elytra moderately convex, 
slightly dilated posteriorly, with microreticulation; humerus denticulate; Stria distinctly impressed, 
strial punctures slightly crenating intervals margin; intervals flat, sparsely and superficially 
punctate. Macropterous. Metastcmal plate scarcely concave, moderately shiny, with several coarse, 
irregularly distributed punctures. Ventromedial protibial edge with row of denticles; terminal 
spur of protibia in male stout, long, acme apically, bent anteroventtally; ir. female simply point¬ 
ed. Apical margin of me.su- and metatibia fimbriate with strongly unequal setae. Basimesotar- 
somere approximately equal to terminal spur, inferior terminal spur of mesotibia in male short¬ 
ened and obliquely cut off, in female simply acute. Basimctatarsomere approximately equal to 
superior terminal spur and longer than two next tarsomeres combined. Aedeagus {Figs 19, 20). 
Bpipharynx (Fig. 4).Epitorma and ptenotormae distinctly sclerohzed, area of proplegmafiuni 
slightly sclerotizcd. He! us basally with two groups of longitudinally arranged sensiltae, laterally 
with numerous nnerotnehiae. Corypha with 6 7 very short, thick setae. Chaetoparia with one 
row of medium sized setae. Chaetopedium in addition to numerous microtrichiae with 12-16 
thick setae. Acroparia and r.canthoparia with medium sized, thm setae. Apophoba and ipophoba 
covered with numerous microtrichiae. Ncsium with one row of rather irregularly spaced scnsil- 
lae. 

Distribution. China; ’Tibet'* (e. g. Balthasar 1964) Sichuan, Qmghai. 

Aphotlius (Pseudacrossus) qinghaiettsis sp. □. 

(Figs 5. 21, 22) 

TvrE MAruuAL. Hoictypc (male), allotype (female) and 15 pamlypcs Nos I 7 (males) and Nos » 35 (females), lulielicd: 
"China, NH Qxghai prov, CQtl:an Shan. 4200 m, ODO. 29.7-1 .8.1992 Jp]"; 59pirratypcs, labelled: Nos 16-27 (males) 
end Nos 2S-5.3 (females): "China, NF.Qinghai prov.. ODO, KQilian Shan 29.-30.7.1992.4200m (p]'\ Nos 54-57 (males) 
end 5* 64 (females); "China, F. Qirghai piov . DAOTANGHE cnv., 3200 m, 25.-27 7.1992 [pf‘; Nos 65-70 (males'); 
"China. Qinghai rag.. 3500 in. 120 km W ofQinghai Hu. Tianjum, 3 4.7.1990 fp]", Nr* 71 73 (male*) and No 74 (fe¬ 
male): "China (Qinghai), Laji-shan Puss s Xining.3700-3900m. 13. 15.VII 1993 [pj“ Hololypc.allotype.andparalypea 
Nos 1-4. R-13. 16-19.28-35,54-60,62-65 and7I~74in DKCP; Nos 66 and 67 in MNCP; No* 7, 15 m MNHN. Nos 5 
and 61 in MRCD; Nos 27 and 53 in NMPC; Nos 6 and 14 in PBCV; Nos 20-26,36-52, 68 and 69 in RCCP and No 70 in 
SJCP. 

Description. Body length 6.2-7.7 mm (I IT - 6.9 mm, AT - 7.4 mm). Oblong, moderately 
convex; dor.sal surface weakly shining, without microreticulation; piceous, elytra on some speci¬ 
mens dark brown; ely^a with microscopic setae. 


» 

Figs 9-12. Aphodiua. {Qingophoditu sbg. n .)nikodymt sp. n., (PT No 2). Vcnlral aspect wnh mclaslcmal plate, nght midlcg 
ainf nght mofci femur (9); right midlcg, ventral aspect (10), right metafemur, ventral aspect (1 2); ri&h mcsotiWa, veatlntl 
aspect (32). 
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Male Head trapezoidal, slightly convex at middle, anterior margin of clypeus sinuate 3t 
middle, anterior angles rounded, sides almost straight, sinuate before genu, genu rounded, dis¬ 
tinctly exceeding eye. Clypeal surface slightly depressed near anterior emargination, clvpeal 
convexity almost absent; sutural tubercles obsolete. Clypeal surface near anterior margin and 
sides wrinkled, rest of head surface with simple, coarse punctures, separated approximately by 
their diameter. 

Epipharynx (Fig. 5). Epitomia and pternotormae distinctly sclerotized, area of proplegma- 
tium only very' slightly sclerotized. Uelus laterally with row of senstllae intermixed with 5-5 
short setae. Coryplm with 6-7 short, thick setae. Chaetoparia with one row of relatively long, 
thick setae. Chaetopedium with 12 14 short and thick setae, microtrichiae only sparsely spaced. 
Acroparia and acanthoparia covered with numerous thin, medium sized setae. Apophoba and 
ipophoba covered with numerous long, thin setae. Ncsium with double row of rather irregularly 
spaced scnsillae. 

Pronotum moderately convex, wide subparallel, scarcely narrowed anteriorly; anterior angle 
rounded, slightly projecting anteriorly; side weakly diverging over anterior third, simply broad¬ 
ly rounded, posterior angle rounded; posterior margin projecting backwards with slight sinua- 
tion at each side. Anterior and posterior margin without border, lateral margin bordered. Pune 
tation simple, coarse, dense, rather irregular, punctures separated by once to twice their diame¬ 
ter discally; at sides punctation becoming coarse and denser, with punctures separated by less 
than their diameter. 

Seutellum triangulate, approximately as wide as long, distinctly punctate basally. 

Elytra slightly widened behind middle, convex; humerus distinctly denticulate. Striae nar¬ 
row, moderately deeply impressed; strial punctures slightly crcnating margins of almost fiat 
intervals. Stria 1 and 10 completely developed reaching nearly apex of elytron, stria 2 joining 9 
just before apex, stria 3 a little shortened and joining stria 8. striae 4—7 shortened distinctly and 
confluent subaptcally. Stria 8 shortened distinctly before humerus. Surface of intervals with 
distinct, rather irregular, moderately impressed punctures. Sutural interval angustatc apicaily. 

Macroplerous. 

Metastemal plate scarcely concave, with coarse irregular punctures and with yellow setae 
laterally, rmdlinc indistinct. Abdominal stemites moderately shiny, shgreencd. with pale setae. 

All femora shiny, coarse, very sparse, irregularly punctate. Protibia regularly developed, with 
three sharp external teeth and with row of external denticles in basal half; ventromedial edge 
wi’.h row of small denticles, 1-2 of them at middle more developed, terminal spur stout, long, 
acute apicaily, bent anteroventrally, inserting against cmarginarion between apical and medial 
teeth, reaching approximately anterior margin of protarsomere 2. Apical margin and two well 
expressed transversal carinae of meso- and metatibia fimbriate with srrongly unequal setae. 
Basimesotarcomcrc approximately equal to superior terminal spur, inferior terminal spur short¬ 
ened and cut off. Basimetatarsomere a little longer than superior terminal spur and approxi¬ 
mately equal to next two tarsomeres combined. 

Acdcagus as in Figs 21,22. 


« 

Pigs 13-28. Acdc3^ui: jckl numerals dorsal aspect, even numerals-lateral aspect Aphodiu.i(F.ieudaCH‘SSUs)grfnntKJe- 
wskyiT). Knshantsclckov (Xinjiang. Bayanbuluk) (13, 14 ).A. (P) kutabisp n. (HT)! 15,16), A. (P)naxuius Reiitcr (Rus¬ 
sia DaraMin){l7. (PJ^eKaisV'RcittcrlQinghai,Ertala)(iy. 20).A. (P)<jinx/\utcnsvsv. n (HT)(21.22). A.(P.) 

JuArfnw^XKiiMikh^i.Orta-tjiu mis.) (23,24). A {QinRaphodim sbg nOnltodyuTisp. a. (HT)(25,26), .f (Q.)inbiX(tn- 
arum sp. n. (HI) 127. 2S). 
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female differs from male by the following features: inetasternal plate entirely fiat, terminal 
spur of prolibia shorter, narrow and almost not bent anterovcntrally, inferior terminal spur of 
niesotibia acute apically. 

Dipfkrentiai. diagnosis. The new species is closely related to A. (/>.) grambezewskyi, A, (/-*.) 
kalabi sp. it. and A. ( P .) przewalskyi (see tlie section Discussion). For die differentiation from 
related species see the complex of diagnostic characters in the key below. 

Coi.uenoN circumstances. All specimens were collected on open alpine pastures and grasslands 
at an altitude of about 3000 4200 mis.l. in dung of large herbivorous domestic mammals 
(tfox, Equus, Qvis). 

Namo derivation. The specific name refers to the region of origin - tine Qinghai province in 
China. 


Aphoiiius ( Pseudacrossus) subsericeus Ballion, 1878 comb. n. 

(Figs 6, 2.1, 24) 

Aphodlus subserkw Ballion. 1878: 283. 

Aph,>JM{A*ulonis)lubsericeus: Schmidt, 1913:148:1922: 219,226; Boucomont, 1929:782: n.*df6d:, 1956:75;Tcsar, 
1957 250, 254-255; Balihasar. 1964: 288, 292-293. Nifchtin 1473: 615; Klknlacv, 1987 102. 1 19; M neJIacasa, 
1988 204.368 

ApMius{A")u/orus) i/npoJiitt* Schmidt. 1909:104 (syn. by SUimkil 1913). 

MatfUiai.BX-wiNEO. China. Xinjiang: China, Xinjiang, ca 50 krnNNir Nai3f.C3 lOkniSC’hdcma.ca 2500 m 19/7 1993 .10 
spec, ill DKCPand 7 spue in RCCTP; Chan-Tongri, Moirt murid., 13 ->pcc in MHNG;Chiiu\ Chines. Tum-Shan. v. IkxJ- 
emoycr.l male in DF. 1C. j muloin HNHM; I mule in 7.HMB. Juldus. I spec i:i ZMAS: Kuld&dial~Yicingj. Juldas. coll 
Reuter. 2 males mHNHM.K«Bkhitan:Turk:sUn.Tckkcs, Sary Tof.AJntfisy 1906,coll, fcnclrodi, 20spec. inllNHM;0. 
Kasachs'jn.Tyschkan-Schlucht, 1990-2600 m,9.6.[ 19(90. V. <J. iVvtin [Igt-J, I male in NUMB: S. O. Kasachsfcm, Ora-Tau 
Ocli -Ksltc. Octa-Karagajly Schl., 2000-2400m,6.- 10.06 j 19]9!,4spec, in DKOPand 6 specinNHMft;Thbn-S .coll Ur 
J Vndor. 1 spec. in IINHM; Thian-S., MuSait, 2 spec in ZHMR; Thian-Shan. Naryn-kcil, I spec. in MHNO; Thiaa S . 
T ukesOial, I sprix, in MHNO, 4 spec, in 7HMB; TsdmJskai. Scmirjcbelnaksk, coll WinJdcr. 1 spec, jb KCCP, 

Type i.(k alitv Kuldscha [=Yining] (Ballion 1878). 

Diagnostic characters. Medium sized species ( body length 5.8-7.0 min), oblong moderately 
convex, entirely dark brown to black coloured species Dorsal surface only very slightly shiny, 
glabrous. Head slightly convex at middle, anterior clypeal margin distinctly roundly sinuate, 
anterior angles rounded, clypeal convexity weakly expressed, sutural tubercles subobsolcre in 
male, missing in female, genu rounded, exceeding distinctly eyes, cly peal surface shgreened and 
coarsely, densely punctate, punenires separated by approximately once rheir diameter. I’rono- 
tum moderately convex, widely subparallel; anterior angle rounded, only slightly protecting 
anteriorly; side broadly rounded in anterior third, then nearly straight, slightly diverging to 
rounded posterior angle; basis regularly rounded, distinctly bordered. PronoTal punctalion dou¬ 
ble, consisting of coarse, rather irregularly distributed punctures, intermixed with finer ones, 
separated by approximately once to twice their diameter at disc, coarser and closer laterally. 
Scutdlum triangulate, a little longer than wide, shgreened. Elytra modemtly convex, slightly 
dilated posteriorly; humerus distinctly denticulate; striae distinctly impressed, shiny, stria] punc¬ 
tures remarkably crcnating interval margins; intervals flat, distinctly shgreened, only with very 
fine and scarcely visible punctures. Macroptcrous. Mecastemal plate scarcely concave, subo- 
paque. marginally with several course, irregularly distributed punctures. Ventromedial protibial 
edge with row of fine denticles; terminal spur of protibiae in male Long, stout, bent anterorven- 
trally and apically acute, in female simply popinted. Apical margin of meso- and melatibia 
fimbriate with only scarcely unequal setae in male and w ith almost equal setae ir. female. Basime- 
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sotarsomcic approximately equal to superior terminal spur, inferior terminal spur of niesotibia 
in male .shortened and obliquely cut off, in female simply actite. liasimetatarsomcrc distinctly 
longer than superior terminal spur and longer than next two tarsomeres combined. Acdeagus 
(Figs 23. 24). 

EnlMIARYNx (Fig. 6). Epitorma and pternotormae slightly but distinctly sclerotized, area of pro- 
plegmatium only very slightly sclerotized. llelus laterally with group of microtrichiae and 
row of 6-8 short, thick setae. Corypha with 6 short, thick setae Chaetopana with one row of 
long, robust setae. Chaetopedium covered with group of 13-15 short, thick setae and numerous 
rnicroirichiac. Aeroparia and acanrhoparia covered with numerous thin, medium sized setae 
Apophoba and ipophoba covered with numerous long, thin setae. Nesium with one row of fine, 
short setae and laterally with group of numerous scnstilae. 

DisTRltitmoN. China: Xinjiang. Kazakhstan. Kyrgyzstan. 


Key to the Pseudacrossus species known from China 


J (2) Hlytiolhumcnis without denticles. Chint:"IibcT, Qir.gbai; Mongolia,TransbuiABlia....._. .A. (P.)nus'Mus KciUcr 

2 (I) blytral humcnis denticulate. 

3 (4) Elytra opaque, strongly shortened, interval-, impur,state. Pronotal basis bordered Baximctafsomcrc longer than supe¬ 

rior tcnniiia: spur. China Xinjiang; Kazakhstan. KyrgyKlan. .... A. {P!)auhse.ru-mx Biillfcm 

4 (3) Flylra not shgrccne*!. »hiny or opaque, intervals punctate (in A- ( P >/vrrv.(iWn very finely In.-I pronotal basi* not 
bordered} Prenatal basts bordered or not. BasixeTaUirsomcre equal cr subcqual to superior terminal spur. 

Whole surface of pronotum with very sparse double punciation, punctures also laterally separated by at least more than 

once their diameter. Dorsal surface strongly shiny, elytra chcsnu thrown. China. Qinghai. A.(P.)talahrsp. n. 

PrriiOlum at least laterally with close punctation (puncturesseparated by their diameter). Dorsal surface moderately 
shiny or opaque, otytra mostly darker or pale with ikuk spots 

Prunntuin With basal bolder. China Xinjiang; mounleinsofMiddlo Asia ....A. {t f .)grw*l>CfeMkyi D Knshantschikov 
PrutiOtum basally net bordered 

9 <I(h)liCyltra opaque, intervals flat, finely, sparsely’ and superficially punctate. China: ’Tibet* , Qinghai, Sichuan. 

........-.................. A. {P.)pnewahkyi Reiner 

10 (9) Ely Ira moderately shiny, intervals slightly convex, punctatiort consisting of coarse, more dense and moderately im¬ 

pressed punctures. Chino Qinghai. ..... A (P.)f/itghuiemssp. n. 


5 ( 6 ) 

6 ( 5 ) 

7(8) 

8(7) 


Qingaphodius sbg. ii. 

(Figs 7, 8,9-12, 25-28) 

r vpe sKOiry. AphiMhus niknJymi sp. a 

Diagnosis. Medium sized species. Hedy elongate, subparallel, moderately convex. 

Male. Dorsal surface entirely glabrous. Anterior clypeal margin distinctly upturned only near 
anterior angles. (Jena distinctly exceeding eye. Frons with distinct transversal ridge and with 
obsolete convexity posteriorly. Epipharyngeal pternotormae and area of proplegmarium sclero¬ 
tized, apotormae strongly sclerotized; helus laterally with group of numerous microtrichiae and 
longitudinal row of short, thick setae medially; corypha with group of robust setae; chaetoparia 
with one row of medium sized, robust setae; chaetopedium covered with group of short, thick 
setae, and with numerous microtrichiae; medially of chaetoparia group of of several very short, 
fine setae; aeroparia and acunthopai ia with numerous thin, medium sized setae; apophoba and 
ipophoba covered with numerous long and thin setae; nesium with fine, short setae and group of 
sensillae. Anterior angle and lateral margin of pronotutu distinctly bordered, basa! border more 
or less interrupted medially. Scutellum small, triangulate, longcn- than wide. Elytra! humerus 
not denticulate, with 10 striae and flat, wide intervals. Macropterous. Both meso- and metafe- 
inur distinctly wider titan pro femur. Mesol’emur posteroventrally with sinualcd area covered 
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with brush of cense, short, thick setae (Figs 9,10). Posterior merafeinor.il margin with obviously 
developed protrusion at ca. 0.3 from basis (Fig. 11). Protibia distinctly tridcntatc, without row of 
denticles near basis; ventromedial edge simple, only in basai third feebly crenulate or with 
several small denticles; terminal spur simply acute, not remarkably long or stout. Apical margin 
and two well developed external transversal cannae of nieso and metatibia fimbriate with strongly 
unequal setae. Mesotibia remarkably thickened, ventromedially with brush of dense, short and 
thick setae (Fig. 12); inferior apical spur bent strongly inwards (Fig. 10). Claw strongly devel¬ 
oped Aedeagus of extraordinary shape (Figs 25—28). 

Female diffeis from male in the following features: metasternaf plate flat; meso- and metafe- 
mur only indistinctly wider than profemur, simply built (mesofemur posterovonUally without 
sinualed area covered with special setation, mctafeinur without posterior protrusion); mesotibia 
not thickened, without brush of dense, short and thick setae; inferior apical mesotibial spur 
sfouf, sharply pointed, not bent inwards. 

AFRNirit-s. The new subgenus belongs to a group of subgenera sharing the following synapomor- 
pliies: anterior clypeal angle rounded, gena distinctly exceeding eye; anterior margin of prono- 
tum not bordered, posterior angle of pronotum rounded, pronotal basis either not or incomplete¬ 
ly bordered; sculellum small, triangulate; apical margin of metatibia with unequal setation (cf. 
Balthasar 1964: 21-24). Ihe modified inferior terminal spur and similar morphology of epipha 
ryngeal sUuetures (setation of ehaetoparia, chalopediurn, aeroparia and acanthoparia) show that 
the new subgenus could be placed near the subgenus Pseudacrossus (at least near the type 
species and to it closely related species). Extraordinarily manifested sexual dimorphism in both 
the new species (shape and setation of mesofemur, metafemur and mesotibia) seems to be an 
unique auiapomwphy not only within the mentioned above xubgcnera group but within the 
framework of the whole genus Aphodius. Therefore they arc placed into the new subgenus, 
Qtngaphadiwi sbg. n. (see also the Discussion section below). 

Name derivation. Denotes the geographic distribution (Chinese province Qinghai) and rele¬ 
vance to the genus Aphodius. Masculinum. 

Aphodius ( Qingaphodius sbg. n.) nikodymi sp. n. 

(Figs 7, 9-12, 25, 26) 

Tv pemater iai Holotypc (male), allotype (leroale) and 15 paracypcs{malts), labelled: "China. Qinghai rcg., 3500 n. 120 
km W of Qinghai i lu, Tianjun, 3 .-4.7.1990 |p]“. Holotypc, allotype and paraiypcs Nos 1-3, 5 in DKCP, No 4 in MRCD, 
Nc*sf>-9 in RCCP. Nos 10-11 in SJCP, Nos 12-15 in NfNCP. 

Description. Body length 6.4 7.5 mm (HT 7.4 ram. AT 6.5 mm). Elongate, subparallel, 
moderately convex, dark chesnut brown coloured species, protibia, tarsus and head appendages 
somewhat lighter. Dorsal surface entirely glabrous, shining. 

Male. Head trapezoidal, slightly convex at middle. Anterior clypeal margin distinctly up¬ 
turned only near anterior angles, broadly sinuate at middle, anterior angles broadly rounded, 
sides nearly straight, only very slightly notched before gena, gena obtusely rounded, exceeding 
distinctly eyes. Clypeal surface widely impressed nearly along the whole extent of anterior mar¬ 
gin. Frons with distinct transversal ridge anteriorly and with obsolete convexity posteriorly, 
frontal suture indicated only by short line at each side near eye, genal suture dislincr. Clypeus 
and frons very sparsely, minutely, regularly punctate; punctures separated by more than twiee 
their diameter, on occiput punctation becoming denser. 

Epipharynx (Fig. 7). Fpitorma, ptemotormae and area of proplegmalium slightly but dis¬ 
tinctly sclerotized, opotormae strongly sclerotized. Helus laterally with group of numerous mi- 
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crotnchiae, intermixed with several short, thick setae, and longitudinal row of short thick setae 
medially. Corypha with 9-11 robust, sharply pointed setae. Chactoparia with one row of medi¬ 
um sized, robust setae. Chaetopedium covered with group of 16-19 short, thick setae and with 
numerous microtrichiac. Medially of chactoparia group of several very short, fine setae A- 
croparia and acanthoparia covered with numerous thin, medium sized setae. Apophoba and 
ipophoba covered with numerous long and thin setae. Nesium with one row of fine, short setae, 
and laterally with group of several sensillac. 

I'ronoruin subtrapezoidal, weakly convex, scarcely narrowed anteriorly; anterior angle slight¬ 
ly projecting anteriorly, broadly rounded, side nearly straight, slightly diverging to broadly rounded 
posterior angle, basis regularly rounded, anterior angle, lateral margin and basis axcept of mid¬ 
dle part distinctly bordered (interruption narrower than scutellar basis). Punctation double, con 
sisling of coarse, deeply impressed, irregularly and sparsely distributed punctures intermixed 
with minute, regularly and sparsely distributed ones (about the same size and distribution as 
clypoal and frontal ones); laterobasal area almost without coarse punctures. 

Scutellum small triangulate, longer than wide, with several coarse punctures basaily. 

Elytra moderately convex, slightly dilated posteriorly, widest behind middle, humerus nor 
denticulate. Striae distinctly impressed, strial punctures distinct, separated by more than once 
their diameter, slightly crcnating margins of elytral intervals. Striae 1, 2, 3 and 10 completely 
developed reaching nearly apex of elytra, stria 3 joining 8 and 9 just before apex, striae 4-7 
shortened before apex and stria 4 and 7. and 5 and 6 joining together, btria 8 shortened before 
humerus. Intervals flat, rather wide, microscopically sparsely and irregularly punctate. Sutural 
interval narrowed apically. 

Macroptcrous. 

Meta Sternal plate shiny, glabrous and smooth except of margin, without midline furrow, 
distinctly concave; margin with coarse punctures bearing pale erected setae. Abdominal ster- 
nites moderately shiny, wrikled, laterally with pale seate. 

.Ml femora shiny, both meso- and metafemur wider than profemur. Anterior and posterior 
margins of profemur with long, pale setae. Mcsofemur postcrovcnlrally will) sinuaied area cove¬ 
red with brush of dense, short and thick setae (Figs 9, 10). Posterior metafemoral margin with 
obviously developed protrusion at ca. 0.3 from basis (Fig. I I). i'rotibiae distinctly tridentate, 
without row of denticles near basis; ventromedial edge almost not armed, only at basal third 
with several indistinct denticles; terminal spur simply acute, with insertion aggainst cmargina- 
tion between mediul and basal teeth, reaching about middle of protarsomerc 2. Apical margin 
and two well developed external transversal carinaeof meso-andmetatibia fimbriate with strongly 
unequal setae. Mesotibia remarkably thickened, ventromedially with brush of dense, short and 
thick setae; basimesotarsomere shorter than superior apical spur, interior apical spur bent strongLy 
inwards apically (Figs 9, 12). Hasimctatarsomcrc shorter than superior apical spur ami equal to 
next two Uusomeres combined. Claw remarkably expressed and strongly curved. 

Aedeagus as in Figs 25, 26. 

Female differs from male in Ihe following characters: metasiemal plate flat; meso- and cietafe- 
mur only indistinctly wider than profemur, simply built (mesofemur posteroncntrally without 
sinuation and and brush of characteristic setae, metafemur without posterior protrusion); lties- 
otibia not thickened, without brush of characteristic setae; inferior apical mesotibial spur stout, 
sharply pointed, not bent inwards. 

DiHFhRENTiAL diagnosis. Tile new species is closely related to/t. ( Q .) ochotnnarum sp. n. For the 
differentiation of species from each other sec the complex of diagnostic characters in the key 
below and different shape of para me res and epipharyngeal structures. 
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Collection circumstances. All the type specimens were collected from the openings of marmot 
bunows. Usually they were buried in loose soil at the bottom. According to the available litera¬ 
ture (Bibikov 1968, Hoffmann et al. 1993} only a single marmot species, Marmota himalayana 
(Hodgson, 1841) (Mammalia: Rodentia), is known to occur in the Qinghai province. 

Name derivation. Patronymic, dedicated to my friend Milan Nikodym (Praha), an excellent 
student on Mclolonthinae and Sericiitae. 

Aphodius (Qingaphodius shg. n.) ttchownarum sp. n. 

(Figs 8, 27, 28) 

Tvrr VAirsML. Holoiypc (male), allotype (female) aiui 4 paralyses (fcmaii»), labelled "China Qingltai, A’nyoirun|en 
Shan, ltu.idiiii-i.28 30 6 1994,4200 4800 rn |p)". Hololype. allolvpc and piialypc No I in UKC'F, paratypos Nos2 4 m 
HZCL 

Description. Body length 5. 3-6.4 mm (HT - 6.1mm, AT - 6.3 mm). Elongate, subparallel, 
moderately convex, blackish brown coloured species, clypeal margin, anterolateral angle ofpro- 
noruia, legs, elytral suture and head appendages somewhat lighter. Dorsal surface entirely gla¬ 
brous, moderately shining. 

Male. Head trapezoidal, slightly convex at middle. Anterior clypcal margin indistinctly up¬ 
turned only near anterior angles, broadly sinuate al middle, anterior angles broadly rounded, 
sides broadly rounded anteriorly, posteriorly (before gena) sinuate, distinctly separated from 
gena, gena regularly rounded, exceeding distinctly eye. Clypeal surface impressed nearly along 
the whole extent of anterior margin. Frons with only slightly developed medial convexity, fron¬ 
tal suture indicated only by short line at each side, genal suture distinct. Clypeal surface very 
sparsely, minutely, nearly regularly punctate, punctation becoming on occiput denser and coars¬ 
er. 

Epipharynx (Fig. 8). Epitorma. pternotonnae and area of proplcgntatium distinctly sclcro- 
tized, apotonnae strongly sclerotized. Helus laterally with group of several microtrichiae and 
longitudinal row of 5-7 short, thick setae medially. Corypha with 7-8 robust setae. Chaeiopaiia 
with one row of medium sized, robust setae. Chaetopedium covered with group of 18-21 short, 
thick setae and with numerous microtrichiae. Medially of chaetoparia several very short, fine 
setae. Acroparia and acanthoparia covered with numerous long and thin setae. Nesium with 
irregular double row of fine, short setae and several groups of sensillae laterally. 

Pronotum subtrapezoidal, broader than elytral basis, weakly convex, scarcely narrowed ante¬ 
riorly; anterior angle slightly projecting anteriorly, broadly rounded, side nearly straight, slight¬ 
ly diverging to broadly rounded posterior angle, basts regularly rounded, indistinctly crenulare; 
anterior angle, lateral margin and posterior angle (reaching to elytral stria 5) distinctly bor¬ 
dered. Punctation double, consisting of coarse, deeply impressed, sparsely and very irregularly 
distributed punctures, intermixed with minute also irregularly distributed ones. 

Sculellum small triangulate, longer than wide, with several coarse punctures basaliy. 

Elytra moderately convex, slightly dilated posteriorly, widest behind middle, humerus not 
denticulate. Striae distinctly impressed, serial punctures distinct, separated by approximately 
once their diameter, indistinctly cremating margins of elytral intervals. Striae 1, 2 and 10 com¬ 
pletely developed reaching nearly apex of elytra, stria 2 joining 9 just before apex, stria 3 a little 
shortened and joining stria 8, striae 4-7 shortened distinctly and stria 4 and 7. and 5 and 6 
joining together. Stria 8 shortened before humerus. Intervals almost Hat, wide, microscopically, 
irregularly sparsely punctate. Sutural interval narrowed and convex apically. 

Macropterous. 
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Metastern hI plate shiny, glabrous and smooth except for marginal area hearing with several 
coarse punctures, without midline furrow, distinctly concave. Abdominal sternites moderately 
shiny, wrinkled, with pale setae. 

All femora shiny, both meso- and metafemur wider than profemur. Anterior and posterior 
margin of profcmui with long, pale setae. Mesofemur postcroventrally with sinuated area cov¬ 
ered with brush of dense, short and thick setae. Posterior metafemoral margin with obviously 
developed obtuse protrusion a! ca 0.3 from basis. Protibia distinctly fridenrate, without row of 
denticles near basis; ventromedial edge simple, only at basal third feebly erenulatc; terminal 
spur simply acute, reaching about middle of protarsomcrc 2. Apical margin and two well devel¬ 
oped external transversal carinae of meso- and metatibia fimbriate with strongly unequal setae. 
Mesotibia remarkably thickened; ventromedially with brush of dense, short and thick setae; 
hasimesolarsnmcrc shorter than superior apical spur; inferior apical spur bent strongly inwards. 
Basiaietatiusoitiere equal lo superior apical spur and equal to next two tarsomeres combined. 
Claws remarkably developed and strongly curved. 

Acdcagus us in Pigs 27, 28. 

Female differs from male in the following features: metastemal plate flat; meso- and metafe¬ 
mur only indistinctly wider than profemur, simply built (mesofemur postcroventrally without 
sinuated area covered with characteristic setation, metafemur without posterior protrusion); me¬ 
sotibia not thickened, without brush of dense, short and thick seate; inferior apical mesotibial 
spur stout, sharply pointed, not bent inwards. 

OffTERENTiAL dmCNosis. The new' species is closely related to A. {Q.) nikodymi sp. n. For the 
differentiation of species from each other see the complex of diagnostic characters in the key 
below and different shape of parumeres and epipharyngeal structures. 

Collection circumstances. All type specimens were collected buried in soil under droppings of 
pikas near their burrows. According to the literature available (Hoffmann 1993) at least five 
different Ochotorm species (Mammalia: Lagomorpha) arc known to occur in the Qinghai prov¬ 
ince, some of them being sympatric. 

Name derivation. Patronymic, dedicated to small lagomorph mammal, Ochotona, with that the 
life of new species is tied, and simultaneously to my daughter Kristyna and my friend Slavek 
Bfezina’s daughter Zuzar.a, two little girls bearing a picturesque Czech name for pika, ’’piSfucha’', 
as their nicknames. 


Key to the Qingaphodius sbg. n. species 

1(2) Relatively lighter coJocrcc are larger species (6.4-75 mm). Clypcul sides nearly .straight, only very slightly notched 
before geni Punccatiou of prorrotun double, consisting of less coarse, shallowly impressed, incgularfy and very sparsely 
dKtribiitt.il puncture., iiiicmuxori with minute, regularly and sparsely distributed ones; latcrohasal area almost without 
coarse punctures (ivsciiiiin of apical protihi&l spur against emargi nation between medial and basil oxtcmal tocdi. 
Uastmciatarsomcrc a little shorter diiui epical sput of mctalibiu. Puramercs of diUcrenl shape (Figs 25. 26). China: 
Qinghai. ..-........... A. (£>.) nikodymi sp. n. 

2(1) Relatively darker coloured and smaller species (5.3-6 4 mm). Clypcal sides broadly rounded anteriorly, before gcnac 
Sinuate, rciswikahly scpar.Umi fiotugenac. Puiictation of piiMiotum double, consisting of very coarse, deeply impressed, 
sparsely and very .rregularly distnxlcd ponet arcs uitcruuxcd with nunutcalso irrcguUuly distribuied ones; latcrobasul 
area also coarsely punctate. Insertion of apical proubid spur against medial external tooth. Basimclatarsomac equal to 

superior apical spur of met a tibia Paramcre.* cf different shape (Figs 27, 2S) China: Qinghai. 

....... .. A (Q.)ocholonarum sp.n. 
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DISCUSSION 


Uxcep: for Aphodius (Pseudacrossus) nasutus the remaining five Pscudacrossus species so far 
known from China constitute a homogeneous group of closely related species (for more detail 
about morphology see the descriptions above). They all occur in relatively high mountainous 
areas and tend therefore to make locally different populations or subspecies. Three closely rela¬ 
ted and very similar allopatric tax a, A. (P.) grombezewskyi {Tian Shan), A. (P.) przewaiskyi 
(Tibetan plateau in NW Sichuan and Qinghai) and A. (P.) qinghetiensis sp. n. (Qiliari Shan Mis 
s. 1.) ear. also he considered as subspecies. However, also closely related A. (P.) kalabt sp n is 
known to be symputiic and probably also syntopic with A. ( P.) przcwuhkyi and A. (P.) sub- 
seticeus is sympairic with A. (P.) grombezewskyi. This facts favour rather the species status for 
all the five so far known .species. In addition, Our current knowledge of alpha-taxonomy, distri¬ 
bution and zoogeography of Aphodius species inhabiting these mountainous areas is too inade¬ 
quate to .satisfactorily resolve this problem. A. (P.) nasutus belongs to other species group (dif¬ 
ferent shape of clypeal convexity, presence of distinct sutural tubercles on head, different epipha¬ 
ryngeal structures etc.) occurring Central and Middle Asia. 

Both the new species, A. (Qingaphodius sbg. n.) nikodymi sp. n. and A. (Q. shg. n.) ochato- 
narum possess the same interesting, extraordinary sexual dimorphism. Both the species are tied 
with small mammals (Marmota or Ochotona , respectively). Thus, they are probably exclusively 
dependent by their feeding on relatively small excrements. Their mating activity probably oc¬ 
curs in free space (not inside of or under large excrements), either at the burrow entrance, or in 
shallow pits, which are the animals resting in. This is, as a matter of fact the only site with its 
microclimate (enhanced temperature and humidify’, absence of wind) move favourable than rhaf 
of the surrounding landscape. The place of the occurrence is an Alpine, rather flat biotope, free 
of forest, exposed to strong wind, particularly in spring months, and to drastic continental tem¬ 
perature changes. The striking sexual dimorphism has been thus probably developed to help the 
pair to keep the computation position under the rough climatic conditions. This theory is also 
supported by the presence of the long, anchor-shaped parainere making possible the firm cou¬ 
pling of the mating pair. 
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HOOK REVIEW 

HAUSMANN K. & HULSMANN N. feds.); Progress in Protozoology. Proceedings of (he IX International Congress 
of Protozoology. Berlin 25-31 July 1993. ScaTtgan-Jena-New York: Gustav KucfccrVcrlag, 1994.136 pp. hormat2lO*2S7 
mm. Hardcover, price DM 128.-. ISBN 3-07-30762-2. US ISDN 2-56081-397-0 

This volume reflects the actual stale of knowledge of free-living and p-drasiue protozoa when presenting lectures and summa¬ 
ries of the IX International Congress of Protozoology. The Congress was organized by the German Society of Protozoology 
(duly supported by the German Societies for Parasitology ar.d T rapical Medicine) on behalf of the International C oitimissiott 
of Protozoology. Both editors areal the Institute of Zoology, Free University of Berlin. The list of contributor* contains 34 
inlcrnuticnal experts. More Ilian 800 participants from 50 countries came to Berlin, thus continuing u series which was 
initialed 32 years ago tn Prague, tn the contents six plenary lectures. 20 symposia s reports and two video sessions arc listed. 

Particular lectures present scientific reports illustrated by figures, schemes ar.d photomicrographs, and concluded with a 
list of selected re fcrcncc* to the primary literature. Unfortunately, same maruf&tiiMs have not been submitted. The volume 
provides insights into the morphology. ullras{iuctf*ie, cell biology, physiology, biochemistry, molecular Ittakjgy, evolution, 
life cycles. -nJ ecology of protozoa. Also app bed aspects of-vaccination anc diagnosis, chcmotlrctupy and chanoprcvenuoii 
of protozoan infections arc looked ar. 

The series of plenary lecture* start* with a report oj> protozoan evolution and systematic* when discussing ulnasimctural 
ami molecular studio*. The logic of phylogenetic reconstruction, construction o/skclctal tree, the concept* of prulist? and 
proiistotagy. and classiftcut ion scheme# arc presen ted hem. In following lectures tho cytoskcloUm end molecular basis of 
pauenrg in ciliotcs. and progress in some anti-protozoan vaccine* arc looked at. There is an actual overview of opportunistic 
protozoa In AIDS, such as genera Pneumocystis. Leuhnania. Toxoplasma. Cryptosporidium zndlsospora, also thc.Wc.io- 
spondiu Enterocyiaaoon bieneusi. EnCdphaiitotOon cunicuii, E. hellem, Sepiala Uutstinalis and PUl/tOpbvra sp. This 
series concludes with information on new technologies in protozoan research. 

Tin Symposia present scientific reports or grouping, of brief communications. T npics covered include voceiailion again*) 
human and animal protozorc pathogens, functional u S poet> of organelles in parasitic protozoa, recognition amt cull-interac¬ 
tion, prous an ecology und pollution, life cycles oi parasitic protozoa, chemotherapy and chcmoprcvcntion.notdity. behav¬ 
iour, 3rd orientation, following report; deal with cultivation of para sine protozoa. with the cyfakclcioa of protists, with 
molecular perspective on evolution, control of the cell cycle, promts of anaerobic environment, with intracellular traffic, 
host-symbiont interactions. mechanisms of pathogenicity among parasitic protozoa, and finally with protozoan links in food 
webs. In video productions on protozoa demonstrated arc the optoelectronic and laser microbcam imaging, photoiaxis and 
chcmolcmcsis incHiatcs.Balamuthia mandrillaru causing amoebic encephalitis, finally the movement of cilia and tlagclla. 
and plasmodial protists of the sea. 

Multi-authored by leading expetts, this altraclively produced monograph is intended forthosewho want to update their 
knowledge in die field of general, medical ar.d veterinary protozoology. 

Jimlrich Jim 
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Ab.lmct Aviun remains were described from one mid-RIcistoccnc and 10 late Pleistocene ta Holocene loatliliu of 
the Haikul region in Siberia. Together, 21 species were identified. Most of them still inhabit the area, but Ap>u m elha 
ha< now its nearest known locality in western Kirghizia, tndStruthio asialtcus became extinct 

Ares, late Quaternary, East Siberia 


INTRODUCTION 

'the Quaternary history of the bird fauna of the Baikal region in Siberia is rather poorly known 
yet. Previously, bird remains were mentioned from the middle Pleistocene locality Zasuchino in 
Zabajkal’e (Kalmykov 1986), and late Pleistocene archaeological sites of Malta and Krasnyj 
Jar* in the Angara basin (Ermolova 1978), and BoPSoj Jakor’ in the Vitim basin {Belousov cl al 
1990). Ermolova (1978) reported also on a few bird remains from the Holocene archaeological 
sites of Lenkovka (Mesolithic), and Rulino and Serovo (Neolithic). All of them lay in the Angara 
basin. East of Lake Baikal, only undated (Pleistocene to Holocene) eggshell remains of the 
extinct ostrich Slruthio asialicus Milne-Edwards, 1871 were described, mostly from surface 
dune deposits (Tugarinov 1930a,b, 1933, Sosnovskij 1932, Ivan'ev 1958a,b, 1964, Ivanov 1960. 
GajduCenko & Tivanenko 1978. Imetchenov & Kalmykov 1988, Michajlov & KuroCkin 1988). 

In the present paper, we report on the avian remains from one mid-Pleistocenc, and 10 late 
Pleistocene to Holocene localities of the Baikal region. These bird remains are deposited in die 
Buryat Institute of Social Sciences, Ulan-Ude (loc. Ust’-Kjachta 17), and in the Buryat Geolog¬ 
ical Institute in Ulan-Ude (all other localities). Avian taxa arc arranged according to Voous 
(1977). Minimum numbers of individuals were calculated after Grayson (1984). Bird remains 
were identified by J. Mlikovsky, straiigraphical data are by F. Chenzychenova and A. Filippov. 
For accompanying mammal faunas see Chenzychenova et al. (1991), and Chenzychenova (1994, 
in prep.). 


RESULTS 


1. Igetej 

Locality. At Bratsk dam, Irkutsk Province, Russia. The bones were collected in 1990 by F. 
Chenzychenova from the upper part of grey sands underlaying cultural horizons. Age of the 
locality is younger half of the the Middle Pleistocene, according to the morphology of Dicros- 
lonyx and Lagurus teeth (Chenzychenova 1994). 
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Biro fauna. Of. Calldris sp.; distal part of a juvenile tarsometatarsus, belonging to a very small 
species; MNI - 1. The identification is tentative. Passeriformes indet.: several bones of very 
small, mostly juvenile passerines. Two partial premaxillae belong to a single species of an uni¬ 
dentified insectivorous' bird. MNI — 2. 

2. MaJ‘ta (Transeja) 

Locality. At Bclaja river, Irkutsk Province, Russia. The bones were collected in 1993 by K 
Chenzychenova and G. §uspanova from grey dayish soil. Estimated age is the end of the late 
Pleistocene. 

Biro fauna. Lagopus lagopus (Linnaeus): mandible, furculum, femur dcx., 4 tibiotarsi sin., 4 
tarsometatarsi (3 sin., 1 dex.); MNI = 3. 

3. Char’jaska 2 

Locality. In Tugnuj basin, Republic of Buryatia, Russia. The bones were collected in 1986 and 
1987 by F. Chenzychenova from grey sandy loam. Two layers were distinguished, both dated at 
the end of the late Pleistocene. 

Bird fauna (upper layer). Fringilla montifringilla Linnaeus: prox. part of humerus dex.; MNI = 

I. 

Bird fauna (lower layer). Passeriformes indet.: A few bones of small passerines. 

4. Ust’-Kjachta 17 

Locality. In Kjachta County, Republic of Bury alia, Russia. The bones were collected in 1992 by 
K Chenzychenova and V. Taiiak in black sandy loam from layer 3 (cultural horizon). Age of the 
layer has been radiometrieally estimated at 11 600 1 155 years BP (SO AN 309). TaSak 1993). 
B;rd fauna. Siruthio asiaricus Milne-Edwards, 1871: eggshell fragments (TuSuk 1993). Deli- 
chon urhica (Linnaeus): humerus dex.; MNI “ 1. 

5. Kurtun 1 

1 OTAUTY. On Ol’chon island, Irkutsk Province. Russia. The bones were collected in 1991 by F. 
Chenzychenova and I. Grebncv from layer 1 of these cave deposits. They are Holocene in age. 
Bird fauna. Lagopus lagopus (Linnaeus): tarsometatarsus dex.; MNI = 1. 

6. Brekfievaja 

Locality. At Kitoj river, Irkutsk Province, Russia. The bones were collected in 1986 and 1989 
by A. Filippov, A. Kutuzov and O. Morozov from red clays (cave deposits) at the depths of 0-10 
cm (layer A), and 50-90 cm (layer B). They are Holocene in age. 

Bird fauna (layer A). Telrao tesrix Linnaeus; scapula dex.; MNI = 1. Columba sp. coracoid sin., 
hurncrus sin.; MNI = 1. The bones fall in the size class of Columba livia Gmelin and Columba 
rupestris Pallas, both of which occur in the area. These species cannot be distinguished osteo- 
higically and, moreover, are recently known to interbreed widely (Bcrezovikov & Sfcrbakov 
1990, Dor?iev 1991, Fomin & Bold 1991). Apus melha (Linnaeus): 2 humeri (1 sin., I dex.); 
MNf - J. Greatest length of (he measurable humerus was 17.4 nun. 

Bird fauna (layer B). Falco cf. linnunculus Linnaeus: prox. part of humerus sin.; MNI - I. 
Tetrao teirix Linnaeus: disk part of coracoid sin., dist. part of ulna sin., MNI • 1. Gallinago sp.: 
prox. part of humerus sin.; MNI = 1. The bone appears to he slightly larger than that of Gallin¬ 
ago gallinago (Linnaeus). 
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7. Tonta 

Locality At Tonta nver, Irkutsk Province, Russia. The bones were collected in 1987 1989 by 
A. Filippov from cave deposits of gruss, rock debris and brown soil at depth of 1.5-1.8 m. They 
are late Holocene in age. 

Biro fauna. Hirundn rustien: humerus dex., dist. humerus dex, prox. ulna, A juv. tarsomeutarsi; 
MNI - 2. 

8. Kadilinskaja 

Locau7y. In Primorskij Range, Irkutsk Province, Russia. The bones were collected in 1989 by 
A. Filippov from cave deposits of gruss, rock debris and dark brown and grey soiis. Several 
layers were discerned, including bird-yielding Nr. 4 (Ka-68), 5 (Ka-21), 7 (Ka-72), and f»-8 
(Ka 87), all of which are late Holocene in age. 

Bird fauna. Hirundo rustica : Ka-21: coracoid dex., prox. coracoid sin., prox. humerus sin., disr. 
humerus dex., earpomelacarpus sin., prox. earpomelacarpus sin.; MNI = 2. Kn-68: 2 carpomct- 
acarpi sin. (1 juv.), 8 juv. tarsometatarsi; MNI T 5. Ka-72: tarsometatarsus; MNI = 1. Ka 87: 
juv. tarsometatarsus; MNI - 1. 
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9. bamanskaja 

Locality. On the Ol’chon island in Lake Baikal, Irkutsk Province. Russia. The bones were 
collected in 1989 by A. Filippov from cave deposits of light brown clays and sands with gross. 
Bird yielding layers include rhose at the depths of (Mi l m (surface, §a-33), 0.7- 0.8 tn (§3-22). 
and 0.8-0.9 in (Sa-16). They are late Holocene in age. 

Biro fauna (§a-33). Corvus tnoneduia : carpometaczrpus sin.: MN1 = I. 

Bird fauna (Sz-22). Aciitis hyjroleucos : coracoid dex.; MNI - l. 

Biro fauna (Sa-16). Carpodacus erythrinus : humerus dex., MNI 1 . Carduelis sp.: symphysial 
part of mandible, belonging to a small species; MNI = 1. 

10. Boro-Chuchan 

I-OCai.ity. On Ol'chon island, Irkutsk Province, Russia. The bones were collected ir. 1989 by A. 
Filippov from cave deposits with gruss, rock debris and brown-grey soils. Their age was estimat¬ 
ed at 2500-4000 years BP. 

Bird fauna. Falco tinnunculus: dist. humerus dex.; MNI - 1. Corvus maneduta : carpumctacar- 
pus sin.; MNI - 1. 

11. Bargu/.in valley 

Locality. At Barguzin river, Republic of Buryatia, Russia. The bones were collected in ! 981 and 
1984 by M. Lrhaeva and V. Chcnzychcnova from undated (late Pleistocene - Holocene) surface 
dune deposits at two sites, called Kilometer 122, and Kilometer 125. 

Bird fauna (Kilometer 122). Anas sp. (large): prox. parts of 2 coracoidea sin , 2 carpometaczrpi 
dex.; MNI 2. Anas sp. (small): carpometacarpus sin.; MNI 1. Aylkya c f.ferinu (Linnaeus): 
coracoid sin., prox. part of coracoid sin.; MNI = 1. Fulica atra Linnaeus: dtsr. pan of tarsometa- 
tarsus dex., MNI = I. 

Biro fauna (Kilometer 125). Circus cyaneus (Linnaeus): dist. part of tarsometatarsus sm.; MNI 
~ l. Anatidae indet.: phalanx I digiti majoii.s, MNI 1. Pica pica (Linnaeus): prox. part of 
humerus sin.; MNI = I. 


DISCUSSION 

Avian remains recovered from the late Pleistocene to Holocene localities at Lake Baikal are too 
scarce so far to allow' for taphonomical or ecological interpretations. Also, none of the investi¬ 
gated bones has shown any pathological modifications. 

One record is highly interesting from the zoogeographical point of view. Two humeri of Apus 
melba, found in the Holocene deposits of Brekcievaja cave, mean that the area of this swift was 
much more expanded in the near past. Today, this species is distributed in the Palearctic from 
SW Europe to Kirghizia, where it is a typical bird of south Palearctic mountains (Stepanjan 
1990). This record indicates, that the orntthogeographic classifications of south Palearctic moun¬ 
tains, which are based on Recent distributional data (Berne 1975, Banin 1988), may be biased by 
Holocene extinctions. 

One of the species. Siruthio asiaticus, is extinct. This ostrich was widespread in Asia till the 
Holocene (i,ambrccht 1933, Burcak-Abramovic 1953). Its distribution has never been mapped 
properly, but the data available indicate, that S asiaticus reached in the Quaternary the northern 
border of its distribution at 53° N near Bogatovsk in Kujbysev Province in the F.uropean part of 
Russia (Pidoplicko & Goldin 1964), and at 52° N at sourhem Lake Baikal in Sihcna (various 
localities; Tugarinov 1930a,h, 1933, Sosnovskij 1932. Ivan'ev 1958a,b, 1964, Ivanov I960, 
Gajdutenko &Tivanenko 1978, Imetchenov & Kalmykov 1988, Michajlov & Kurofikin 1988, 
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Tasak 1993, this paper). It is unknown, when the ostrich disappeared from the Baikal region. 

TaSak (1993) documented, that it lived there at least till the latest Pleistocene (ca. 11 600 yr HP). 

Gajdueenko & Tivanenko (1978) provided evidence, that the ostrich survived in the Lake Baikal 

region till the Holocene, but their record is not dated more closely. On the other hand, there is no 

historical record of the ostrich in this region (Bold et al. 1991, Fomin & Bold 1991). 
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Abstract. Five new species of the genus Odochilus Harold. 1877 arc described as follows: O panuynlhelicus sp. n.. 

O. paraselosus sp. n., O. pcrator.’unni (all from the Philippines), 0 lhallandicus sp a (from Thailand) and O. 
sttranakensis sp. n. (from Sarawak). The formerly described subspecies O. synhtucus phitippinensis RakoviJ, 

1987 is consider ad as a good species Tlic gpmiOdocJulus :s divided into two subgcncra the nomtnoiypical subgenus 
and Odochilus [PanHiochiiust sbg. n. Keys to species arc presented. Illustrations of new species arc provided. 
Relationships between particular species and their distribution arc discussed. 

Taxonomy, new submenus, new species, acw combinations, keys, Coleoptera, Scarabaeoidea, Aphodiidae, 
Odochilus, Oriental region 

The present review of Ihe genus Odochilus Harold, 1877 is prevalently based on studying very 
interesting material received tor study and identification from four Czech entomologists (Dr 
Svatopluk Bily. Dr David Krai, Dipl Tng Radek Cervenka and Mgr Ale$ Bezdfik), and on reexa¬ 
mining material in Ihe author s Collection and in the Dr Balthasar’s collection (National Muse¬ 
um, I fra ha). The author is great ly indebted to these colleagues and to Dr Josef Jelinck, who made 
him possible lu study material in the National Museum, Praha. 

The following acronyms stand for collections, w hich arc the .pecxKiu. quoted below kept in: 

ABCB Czech Republic, Ccsk6 BjcISjovicc. Ale* Bradfik collection 

DKCP - Czech Repubhe, Praha. David Krai collection 
MRCD Czech Republic, Dobfichovtce, Maloslav Rakovit collection 
RCCP C/oc'n Republic, Praha, Radek C'crv«)ka collection 


Subgen era of Ihe genus Odochilus 

Hie genus Odochilus currently includes 15 species (wilh taking into account the five new spe¬ 
cies described below'). Out of them, 8 species have medially interrupted, however, otherwise 
quite continuous fourth prcncrei ridge (see Figs 1 7). On rhe other hand, ic the other 7 species, 
this pronotal ridge is broken into longitudinal formations each side of the medial interruption 
(see Figs 8 13). This difference is very' striking. The two groups are easy to separate from each 
other without any transition within this, otherwise unusually homogeneous, genus. Thus, the 
consideration of the two groups as subgcnera is proposed here as follows: 
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Key to subgenera 

I (2) Fouith pronoUil mlgc medially im-jmjplcd and thus divided ir.io left and nght branches, however, otherwise simple, 
continuous. Upper edge of each branch tonring u monotooic, continuous line extended laterally from the medial inter 

mpuon (Figs 1-7). ........ O (OiiucAik*) 

2(1) Fourth | Mono t a! ridge -dvo inirmipied medially, however. both (left sikI right) parts never mono tonic - anargixl :n 
short, rather longitudinal formations (small keels or elevated areas), either discrete or each fused with neighboring 
ones, thus forming a ..zig-zag" line each »idc of the medial mlcnupUon (higs 8-13) — O. (Par odochilus) sbg. n. 

Odochilus (Odochilus) Harold, 1877 

TYPSSPsaes. Odochilus synthetic to llamld, 1877: 62-63 

Based on the examination of material, as mentioned in the introduction, the following three 
species are described here, and one species (formerly described as a subspecies) is recognized as 
a good species. 


Odochilus (Odochilus) porasyntheticus sp. n. 

(Fig. 2) 

Small (2.5 to 3.0 mm), oblong oval, moderately broader behind, matte, brown. 

Head granulate anteriorly , posteriorly w ith two pairs of oblique ridges and distinct longitudi¬ 
nal, arched ridge above each eye (Fig. 2). Granulae mostly small, rounded, medially arranged in 
two parallel row's. Clypeus rounded (not cmarginate) anteriorly. Eyes large, well visible from 
above. Gcnac notched, protruding (Fig. 2). Very small, dust-like setae situated throughout mar¬ 
ginal zone of genae and along ridges above eyes. 

Pronotum transversal (length-to-width ratio of 1:1.545), with four sharp transverse ridges, bisin- 
uate laterally (Fig. 2). First to third ridges continuous, fourth ridge interrupted medially. Small 
longitudinal ridges adjacent to lateral ends of third and fourth transverse ridges. Small, dust¬ 
like setae mostly situated along small longitudinal keels, posterior transverse ridges and prono¬ 
tum lateral margins. Posterior comers and posterior margin of pronotum with apically moder¬ 
ately dilated setae. Upper edge of Transverse ridges with fine pore-like punctures. Areas between 
transverse ridges with fine transverse wrinkles. 

Scutellum small, triangular. Elytra slightly broader behind, length-to-width ratio 1:0.685, with 
ten striae and ten intervals. Striae wide, with large, deep, rectangular punctures. Odd intervals 
high, sharp, strongly costate, even intervals lower, slightly costate (tenth interval only posterior¬ 
ly slightly costate, anteriorly flat). Epiplcura ami odd elytral intervals with shorl, dust-like setae. 
Tibiae .slim, tarsites slim, subcylindrical, claws small, hornlike. 

Ventral surface, also matte, dark brown. Mctastemum only slightly impressed medially, with 
narrow, anteriorly shortened furrow, metastemal plate glabrous. Abdominal stemites glabrous, 
pygidium w ith four setae. Anterior femur wide, with row of medium-sized setae behind anterior 
margin and row of rather thin setae along posterior margin. Intermediate and posterior femora 
slim, with four rows of semidecuinbent setae along anterior margin and on ventral surface and 
two larger, erect setae on posterior margin, each trochanter with one long seta. 

Tvw- makjual. IMotypc: Philippines, 2<J0 m. SW Parity, tfkml-of Honiol, 10-I I - Dec ? 990. Holm lyi - in RtCJ* 
paraiypc I: Philippines, Panay, lOkinliSibalom, JO. Dec. 1990, IOOm,l)oimlgt - in DK.CP; panilypc 2: thesome dataus 
will i para type I in MRCD. 

Name derivation. Based on a similarity of many character with the allopatrie species O. synthv- 





Differential diagnosis. The O parasyntheticus sp. n. can be differentiated from the other spe¬ 
cies of the genus based on the key to species presented below. The closely allied sympatric 
species O phifippinensis has a much deeper posterior emargination of the pronotum lateral 
margin. Even elytral intervals are rather weaker (lower and narrower) in the present species. 

Odochilus ( Odochilus)parasaosus sp. n. 

(Fig- D 

Small (2.9 mm), oblong oval, moderately broader behind, matte, dark brown (Fig. 1). 

Head anteriorly with small granulae bearing short setae, posteriorly with two pairs of oblique 
ridges, in front of oblique ridges with pair of longitudinal keels. Clypeus rounded (not emurgin- 
ate) anteriorly. Genae large, moderately notched, eyes svell visible from above 

Pronotum transversal (length to-width ratio 1:1.556), with four distinct, sharp transverse 
ridges, first to third ridges continuous, fourth ridge interrupted medially; with short longitudi¬ 
nal setae-beanng keels at ends of third and fourth ridges. Lateral margin with two distinct 
emarginations, with moderately, however, distinctly apicaily dilated setae. Posterior margin 
with slightly dilated setae. 

Scutellum small, triangular. Elytra moderately elongate, length-to-width ratio 1:0.711, with 
ten wide striae and ten narrow intervals. Odd intervals high, costale, equipped with long, erect, 
apicaily moderately dilated setae. Even intervals lower, however, still costate throughout (ex¬ 
cept for flat tenth interval), glabrous. 



Fiysl 3 Uody sl.a|>c jr.d Mnxrlurc of ihrce new spco.cs of Odochilus (Odochilus) Harold 1 - O. (O ) parusetosu* sy. ri;2 
- O. (t> )parasymhnkui ip n.; 3-0 (O.) parajuknsuni sp. n. Stale line 1 mm. 
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Tibiae and tarsi slim, anterior tibia with three distinct teeth. Tarsites slightly to moderately 
widened apically. Upper terminal spur of metatarsus slightly shorter than first metalarsite. Low¬ 
er terminal spur hardiy as long as 1/2 of first metatarsite. Claws small, hornlike. 

Ventral surface also dark brown, matte. Mctaslemum moderately impressed medially, with 
narrow, anteriorly shortened longitudinal furrow, with about six medium-sized setae on metaster- 
nal plate each side of die furrow. Each abdominal stemitc with transverse row of six to eight 
setae. Pygidium with four setae. Anterior femur wide, with two rows of setae (along anterior and 
posterior margins). Intermediate and posterior femora slim, with four longitudinal rows of se¬ 
tae, each intermediate and posterior trochanter with one long, acute seta. 

Tin *4Anjau. Holotypc. Phil**' .Mndaiwo. Skxxub, X-1974, V. Bruno inMKCB. 

Namb rHj?iVATi'.»N. Hascd on the closest relationship to the species O setosus. 

Differential diagnosis. Only two species -- the O. selosus and O. parasetosus sp. n. have their 
odd elytra) intervals with long, erect setae. The two species differ from each other in three 
characters, as shown in the key to species. 

Odochilus (Odochilus) parajohnsoni sp. n, 

(Fig- 3) 

Small (2.7 to 3 0 mm), oblong oval, moderately broader behind, matte, dark brown (Fig. 3). 

Head anteriorly with rather uneven, however, not distinctly granulate surface, posteriorly 
with V-shaped swelling .and pair of oblique ridges. Pair of longitudinal keels consisting of dis¬ 
crete granules in front of V-shaped swelling (Fig. 3). Genae distinctly notched, moderately 
protruding beyond eyes. Eyes visible from above. 

Pronotum transversal (length-to-width ratio 1:1.43), with four Transverse, strongly convex, 
however, not quite sharp ridges; first to third ridges continuous, fourth ridge interrupted medi¬ 
ally, with longitudinal elevations extended from this interruption forward to third ridge; small 
longitudinal keek? present at ends of posterior ridges (Fig. 3). Lateral margins with small, hardly 
perceptible, dust-like setae, strongly emarginate anteriorly, posterior emargmation nearly miss¬ 
ing. 



Figs 4-7. Shape and structure of head and pronotum of four formerly described species of OJoc.iulurlOdochUiis) Haiuld 4 
-O. {O) sennits Boucomont; 5-O. (O.)haroUlt RakoviC; 6-0. (O .) jyniheilcus Harold.7 - O. (O.)Johnsoni Rakovii 
Scale line 0.5 mm. 
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l-'igs 8-9. Rody Jhapc and structure of Wo new species ofOdochiha (Pcrvdochihu sbg. n.). 8-<9. <P)xaranabemissp. n.; 
9 -O. (P.) thuilunjicuxsp. n. Kc:>lc line: I nun. 


Scutellum small, triangular. Klytra moderately elongate, Icngth-to-wtdth ratio 1:0.711, with 
ten striae and ten intervals. Intervals moderately costale (except for flat tenth interval), odd 
intervals considerably higher than even ones, with short, dust-like setae, ever, intervals gla¬ 
brous, surfaces of intervals quite matte, with considerable microreticulate structure. On elytron 
disk, odd intervals as wide as striae and wider than even intervals. 

Tibiae slim, anterior tibia with three distinct teeth, tarsiles only slightly widened apically. 
Upper terminal spur of metatibia slightly shorter than first metatarsite. Lower terminal spur 
hardly as long as 1/2 of first metatarsite. Claws small, hornlike. 

Ventral surface also matte, dark brown. Metasteraum moderately impressed medially, with 
narrow, anteriorly shortened furrow. Abdominal stemites bare except for one seta on each later¬ 
al margin of sixth stemite. Pygidium vv.th two setae. Anterior femur wide, with row of thin setae 
along posterior margin and rather indistinct setae on ventral surface. Intermediate and posterior 
femora with one long seta on posterior margins, with indistinct rows of small setae on ventral 
sui face, each trochanter with one long, apically slightly dilated seta 

Tv it MAirxiAt Holotypo. Philippines, P.inay, tOJunfi Sibalom. 10. Dec 1990, Bohn Igt, ) 00 rrl - in DKCP; pantype 3; the 
same data - in DKCP; puraiypc 2: ihc *amc dula in MRf'U 

Name derivation. Based on the closest relationship to the species O.johnsoni. 

Diivehknilu, imaonosis. By its not quite sliarp pronotal ridges, the present species is allied only 
to Use sympatnc species O. johnsoni. The two species can be differenliaied from each other 
based on three characters, as shown in the key to species. 
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Odochilus {Odochilus) philippinensis Rakovic, 1987 specie* propria 

Oaothituxsynthiticusphitippinerju Rukovji. 1987: 34. 

(Modulussynihtlicusphilippinensls: Stcbr.icka 1993: 32. 

'Ihe present author has formerly described this taxon (RakoviC 1987) as a subspecies of O 
synthelicus with respect to only relatively weak differences observed. The present study of many 
further specimens of the genus made him possible to recognize the fact that characters described 
here are very constant or, in other words, there is only a very slight individual variability within 
each species of the genus. In addition to this, a further closely related species is described here - 
O. (Q.)parasyniheticiis sp. n., which is sympatric with the O. (O .)philippinensis and thus, the 
differences in characters of the three related species should be considered at the specific and not 
infraspccific level. 

Maiisiai EXAMiwm. 3 oaiuiypitt Hfcinsof Nfc Lcyolals.. PI.. Nov 44 Jon 45. Darlington. puratype. Odochilus synlheticus 
phjhppirie/iMs s p. n.. M. Rckovie Cel J 986 rn MKCD. 

Odochilus ( Odochilus ) setosus Boucomont, 1914 

Dubchl/to.TewrurBouccmont, 1914:344. 

In the revision of the genus (RakoviC 1987), three specimens of O. setosus were examined (all 
from Kalimantan) - I specimen labeled „S.O. Borneo". During the present work, further 9 
specimens were studied (also from Kalimantan). 

4 specimens: Indonesia, Kalimantan W .Nangn Suiaval cnv.. Ton tang. 24.7 28 . J. Schneider Igl 1993 

- ir, DKCP; 2 specimens: the same dele in MKCD; 3 specimen*: the same dam in RCCP. 

Odochilus {Odochilus) bacchusi Rakovii, 1987 

Odochilus bacchusi Rakovii. 1987: 40. 

Total of 15 specimens of this species were formerly studied by the present author (RakoviC 1987) 

- all from N. Borneo. One further specimen from Sabah was studied in the present work. 

Mat examined. I specimen: Malaysia, Sabah range, Ranau cnv., 1.-2.8.1985. K. Maruyama IgL - in DKCP. 


Key to species of the subgenus Odochilus 


1(4) 
2 0 ) 

3(2) 


4(1) 

5(6) 

6(5) 

7(10) 

8(91 


Odd elytra! intervals with Jong, crccr setae. 

Even clytral intervals iubeostatc throughout. Pronotum lateral margins with clavate setae. Setae on head very short. 

neatly dM&t-likc. 2.9 mir.. The Philippines.... O (O)paruretasusfi p. n 

Even elytra! later als fla: in anterior 1/3. Seine on prenotum lateral margins at most negligibly dilated apically. Setae 

cn head shorter than those on prenotum. however, rather long distinctly erect. 3.1 to 3.4 nun. Kalimantan. 

.................O.( 0 .)jefarttiDoucomont 

Odd dytial intervals with short, dust-like setae 

Elytra narrow at tlicir base, much bunder behind. Fourthptonotal ridge weak (Fig. 5). 2.8 mni. Kalimantan. 

............... O. (O. ) haroldi RakoviC 

Elytra subparallel. Fourth ptonotal ridge essentially as high as fust to third ones. 

Anterior pair of oblique ridges on head replaced by V-shaped swelling (Figs 3 and 7). Pronotal ridges strongly 
cor vox, however, nor quite sharp. 

Third pronotal ridge consisting of two ntcdially convergent branches (Fig 3). Vestigial, however, distinct pair of 
longitudinal ridges prcscnl medially between third and fourth ridges (Fig. 3). Elytral intervals w ith microrcticulaie 
structure making their surface distinctively different from that between punctures in elytra! striae. 2.7 to 3.0 mm. The 
Philippines.... -O. Q.)parajohnsoni sp. n. 
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Figs 1 (M3, shape and structure of head and pronotum of four formerly described species of Orfachdus {Pumdochdui sbg 
n.). 10 "O {P .)burue/ub Bo jcomont; 11 -O. (P.)bacchusi RakoviC; 1 2-0. (P .) futllfru.ru riRakovifi; II & (P.) piltlnoi 
Rakovic. Reals lu.c I mm. 


9 (8) niuc prunolal ::dge rather in tonn of monotonic arch (Fig. 7). No medial lotigitucinal ridges present™ pronotum 

(Fig. 7). Microrciiculate structure of clytral intervals indistinct, their surface essentially similar to that observed 
between punctures ir. clytral suiae. 3.0 io3.6mrn.Thc Philippines... ..Q. (r? '.)joh nsom Rakov iO 

10 (7) Head vertex with two pairs of oblique ridges. Pronolal ridges sharp 

11 (1 2) Prinottun l.ticral margin woaltly braiiiuati' - mainly posterior cmargioouoo jhaL'ow (Fig. 3). 2.5 to 3.0 mm. The 

Philippines.............._.t>. (O )patasyv.'iieiKus(sp. n.) 

12(11) Pronotum lateral margin strongly bisinuatc, posterior cmargination deep (Tig. 6). 

13 (14) Longitudinal ridges on clypcus short, but very distinct and continuous. Lateral lor,gitudiualkeckat ends of third and 

fourth pronolal ridges divided into two discrete parts. 3.0 to 3 4 mm. The Philippines ...... 

.- ......... O. [O. )phi!ippvte.nsis RokoviC 

14 (13) Lcngiludmal ndges on cJypcus weak, consisting of discrete granules. Short longitudinal keels at ends of third and 

fourth.pionotal ndges only r.ctchcd. 3.0 to 3.4mm. Sulawesi..... O. ( 0.)synthellcus Harold 

ParodochituS Sbg. n. 

Tvprsrrnts. Odtnhilusballhonah Rakovifi, 1987:37. 

Descriptions of two new species are presented below, found in the material studied. 

Udochilus ( Parodochilus ) sarawakensh: sp. n. 

(Figs 8, 14) 

Small (3 1 to 3.3 mm), oblong oval, moderately broader behind, matte, dark brown (Fig. 8). 
Read more or less distinctly granulate anteriorly (grunulae on clypeus less distinct, these on 
geuae more distinct), posteriorly with V-shaped swelling and pair of oblique ndges, posterior 
ridges extended forward up to swellings above eyes. Pair of vestigial longitudinal ridges in front 
of V-swelling. Clypeus rounded (not eroarginate), anteriorly. Geuae large, rounded, eyes well 
visible from above 

Pronotum transversal, length-to-width ratio 1:1.460, with four transverse ridges, first-to- 
titird ridges sharp, continuous, (ourth ridge broken inro longitudinal formations (Fig. 8). Fur¬ 
rows between ridges wilh cither longitudinal or transverse wrinkles. Lateral margin with two 
considerable emargtnauons, with small, hardly perceptible dust-like setae. Posterior margins 
with apically slightly dilated setae. 
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Scutellum, small, triangular. Elytra mcKlerately elongate (length-to-width ratio 1:0.705), with 
ten striae and ten costatc intervals. Even elytral intervals (including tenth interval) lower than 
odd ones, however, still rather costate, their surface considerably more elevated than and thus 
distinctly differentiated from surface between punctures in striae. Odd intervals with small, 
dust-like setae, even intervals glabrous. Tibiae slim, anterior tibia with three distinct teeth. Tarsi 
slim, tarsites only slightly widened apically, upper terminal spur moderately shorter than first 
metatarsito, lower terminal spur shorter by about 1/2. 

Ventral surface dark brown, alutaceous. Metastemai plate moderately impressed medially, 
with narrow, anteriorly considerably shortened furrow. Abdominal stemites with transverse rows 
of setae. Pygidiutn with four setae. Anterior femur wide, with two rows of setae (along posterior 
margin and behind anterior margin). Intermediate and posterior femora wiih thin, long setae 
along posterior margin, shorter setae along anterior margin and three rows of small, seitiide- 
cumbent setae on ventral surface, each trochanter with thin, long, hairlikc seta. 

Type matfi ai_ llolocypc: Sarawak, Kapitdisc. Schong, Raichriv, 9.-21.3.1994, Sv. Ftity leg-ir.SRCR; :ura(y;»c I: the 
samo Jala in MRCD; parade 2: Siuawak. Rrlaga dislr, Long Linau, 19.3.1990. A Ritxid Igt Rf'X'P; paratype 3: 
Indoncsiu/KalimanlRn W„ Smiga Seruwal env., Toolang, 24.7.-2.8.. J. Schneider lgt., 1993 in MRCD. 

Differential DIAGNOSIS. O (/*.) sarerwakensis sp. n. can be differentiated from related species ( O 
(P.) plUinoi, O. (P.) balihasan, O. (P.) bacchusi and O. (P.) thailandicus sp. n.) by the follow¬ 
ing combination of characters: head with a V-shapcd swelling, considerable anterior emargina- 
tton of the pronotum lateral margin and even elytral intervals coststfe (not flat). 

Odochilus ( Parodochilus ) lhailundicus sp. n. 

(Figs 9, 15) 

Small (2.7 to 3.0 mm), oblong oval, moderately broader behind, not quite matte, brown (Fig. 9). 
Head anteriorly granulate, posteriorly with V-shaped swelling and pair of oblique ridges; ob¬ 
lique ridges extended up to swellings above eyes. Genae large, well visible from above. 

Pronotum transversal, length-to-width ratio 1:1.459, with four transverse ridges; first to third 
ridges sharp, continuous, fourth ridge broken into longitudinal keels. Transverse or longitudi- 
anl wrinkles in furrows between ridges. Lateral margin with two considerable emarginations. 
with small, dust-like setae. Posterior margin with apically slightly dilated setae (Fig. 9). 



Figs 14-15 Schematic drawing cf structure of elytral intervals in VMoOdoehitus(Parodt>ch!usshs n.) species. 14-0 (P.l 
sarawokensis sp. n.; 15 - O. (£) ihutlandicus sp. n. Abbreviation in figures; odd ini. - odd elytral intervals 
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< Odochilus Harold) 


(Par odochilus sbg.n.) 


0 (O.) pariiKUosus sp.n 

O. (O. ) ic.'osus Doucoraoni. 1934 

Philippines 

Kalimantan 

O. (H.) buriu'niis Bo'icomont. 1926 

O. (P.)convetus Nomura. 1971 

Moluccas 

Japan 

0. (0.) ha/otdi Rakrtvifi, 1987 

Kalimantan 

(0. {P .) hacchusi Rakovii, 198? 

Kalimantan 

O (O.)par,ajohntnr i Sp r> 

PhilippiixN 

O (P ).vaf»i*vu*c'ti.vi.vsp. n 

Kalimantan 

t> (O.)jvhnsarti Kakovid, 1987 

Philippines 

O. (P. ) thtiiftimficus >p. n. 

[tnuianci 

0 {O .) parasynihettcus ip n. 

Philippines 

a (P.)pittiiwi RakoviC. 1987 

Sulawesi 

Malaya, 

0 (0 ) phiti/ipmcnxisRzko'/it, 19S7 

Philippines 

O (P) hullhasari Rakovtt, 198? 

Suiwatni, 

Kalimantan. 

Java, 

O {O.)syviheiit.us; Harold. 1S77 

Sulawesi 


Sulawesi 


Pig. 16. Relationships octwcoo particular OJ«/»7u.dlarold species-closely allied species shown in the boxes. 


Scutellum small, triangular. Elytra moderately elongate, length-to-width ratio 1:0.670, with 
ten striae and ten intervals. Odd intervals high, strongly costate., even intervals quite flat, sur¬ 
face of even intervals not differentiated from surface areas between punctures in striae, odd 
intervals with short, dust-like setae, even intervals glabrous. 

Tibiae slim, protibia with three distinct teeth, upper terminal spur of metatibia moderately 
shorter than first mctatarsite, lower spur by about one half shorter. Tarsites subcylindrical. only 
slightly widened aptcally. 

Ventral surface finely alutaceous, dark brown. Metastcmal plate with few very small setae, 
with narrow, anteriorly strongly shortened furrow (essentially present only in posterior half) 
Pygidium with four setae, fifth and sixth stemite each with transverse row of distinct setae, 
fourth stermte with rather indistinct row of setae, remaining stemites glabrous. Anterior femur 
wide, with small setae along anterior margin. Intermediate and posterior femora with three rows 
of short setae (along anterior and posterior margins and on ventral surface), each trochanter 
with long, thin, hairlike seta. 

TvreMATr»ui_Holoiypc:Thailand, I.-12.3.1996,Chumphon Prov., PhaToenv^AS N98"47 E. Igl P. Pnidck-ABCR; 
paraiypc ! (ofl: the ianicdara-in ABCD; paratype* 9 to 12: the same data-in MRC'D. 

DiPFERkMUAL DiMiNOsis. O. (P.) thailandicus sp. n. is distinctively different from any other spe¬ 
cies of the genus because of having fiat even elytral intervals, which arc differentiated neither by 
their elevation nor by their structure from the area between punctures in elytral striae (Fig. 15). 

Odochilus (f'arndochilus) balthasari Rakovic, 1087 

In the Balthasar’s collection, kept in the National Museum in Praha, the author found a speci¬ 
men of the O. balthasari from the Malay peninsula labeled as follows: Malaisic, Johor, Sediti 
Kechil, Kola Tinggi, 10.—13. VI. 69, R. Pilet. 
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THAILAND 
O. (P.) thaihndicus 


MALAYA 
O. (P.) bahhusari 


SUMATRA 
O. {P.) bal&asan 


PHILIPPINES 
O. (O.)puraxetasu » 

O. (O.)purujohnsom 
O. ( O. jjoJrnsonl 
O. (O.)parasyrAhi~ticus 
O. (O.) phtiippmensif 


KALIMANTAN (BORNEO) 
O. (O.)selosus 
O ( 0 .) hamld, 

O. {P.) bullhiaari 
O. [p.) bacchusi 
O. {P.) sarawakensis 


JAVA 

O. (P.) bulihasari 


JAPAN 

O. (/'.) cor.vexus 


SULAWESI 

(CELEBES) 

0. (O.)symfmtcus 
O. (P. (pilltnol 
0 (P .) biillkaruri 


MOLUCCAS 
O. {P.) farycnsis 


Pip. 17. D;si::bu'ior»ot species of the genus OdochUus\\axo\<\. 


U2> 

2 ( 1 ) 

3(4) 

4 I?) 

S{«) 

6(7) 

7(6) 


8(5) 

9(101 

10(9) 

11(12) 


17(11) 


Key to species of the submenus Parodochiius sbg. n. 

Pronotai ridges m form of extraordinarily high lamellae (Pig. ID) 3.4 mm. The Moluccas.......-. 

........ O. (P.)6ufu*KtuBo'Koa)CKt\ 

Pronotai tuigeslypiially strongly convex, with distinct upper edge, however, not in form of high lamellae. 

Third pronotul ridge broadly interrupted medially, two longitudinal ridges extended backwards from this interrup¬ 
tion. 2.6 mm. Japan (Inomoto Is.).....-.-.—■..... O (P.)«ww«/s Nomura 

Third pronotai ridge either quite continuous or only narrowly interrupted medially, no longtl jdnal ndges attached to 
it. 

Head vertex with two pairs of oblique ridges 

Second prorolul ridge slightly interrupted medially. Posterior oblique ridges on head vertex weak, vestigia) (Tig 

13). 3.0 to 3 4 m Sulawesi..-..... O. {P )pitHmu Rakovid 

Second pronotai ridge continuous. Posterior oblique ndges cm head vertex well developed, about os long and ns high 

as anterior ridges (Pig. 12). 2.9 to 3.6 mm. Malay Penir,. Sumatra with adjacent isles, Java. Kalimantan... 

. .„..... O. {P.)baUhasafl Rakov id 

Anterior pair of oblique ridges on head vertex replaced hy continuous. V-shaped swelling. 

Anterior cmsrgination of pronotum lateral margin cither very shallow or quite lacking (Fig II). 2 3 to 3.2 mm 

Kalimantan ........................_. A. (/')6ncc/ruytKakovi< 

Anterior craargination deep, very distinct. 

Even elyua: intervals lower than odd ones, however, still rather ca&cstc, their surface considerably elevated above 

surface between punlurcsofclytral stnac (Fig. 14). larger spocies, 3 I to 3 3 mm. Kalimantan (Sarawak).. 

.............. O. {P )sufut^akensuf,p. n 

F.von nlytral intervals quite flat, their surface not differentiated from surface between puntuns of elytral suia.! (Fig 
IS) Smaller species. 2.7 to 3.0 mm. Thailand.....- - -. O. (P) ihtulontiU-ussp. n. 
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DISCUSSION 


Tlit: genus O do ch illis currently includes 15 species. Out of them the species O (O ) haroldi , O. 
(/* ) buruensis and O. {/’.) convexus exert outstanding specific characters making easy their 
differentiation from the other species. Otherwise, we can note the presence of four groups (pairs 
and threes) of closely related sympatric and/or allopatric species (Fig. 16). 

The distribution of particular species is considered here only based on the specimens studied 
by the present author and, of course, on considering original data on the well documented spe¬ 
cies O ( O .) convexus (Japan). The numbers of 73 specimens and 33 specimens studies formerly 
(RakoviC 1987) and currently, respectively, are sufficiently representative with respect to the 
probably rare abundance of particular species. In the literature, the occurrence of die O. (O ) 
syntheticus in Australia is quoted, as mentioned by Schmidt (1922). The present author does not 
know, what Specimen(s) is this information based on. He has never seen any specimen of Odo- 
chllus from Australia. Of course, future studies can bring new data on the occurrence of this 
genus in Australia and possibly also in New Guinea, however, at die time of the Schmidt s work 
on his monograph, the O. (0.) sy/ilhericus was the only one described species of the genus and 
even much later, different species were misinterpreted as O. (O ) syntheticus by several authors. 
Thus, it ts highly improbable that specimens) from Australia formerly possibly studied could be 
just conspecific with the leerotype of the O (O.) syntheticus. Based on the present knowledge, 
the distribution of the genus is reliably demonstrated in Thailand, Malaya, the Greater Sunda 
islands (Sumatra, Java, Kalimantan, Sulawesi and adjacent islands), the Moluccas, the Philip¬ 
pines and Japan (Fig. 17). 

In accordance with the present consideration, the O. (O.) johnsoni and O. (O.) phiiippinensis 
were also identified by Stebnicka (1993) in material from the island of Leyte (the Philippines), 
from areas characterized as cultivated land and secondary forest. 

It is unfortunately impossible to add any new information to the short notice concerning 
biology of the genus (Rakovic 1987), since the specimens studied in the present work arc not 
equipped with data, which could be helpful in this respect. Most of them have probably been 
captured at light. 
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BOOK REVIEW 

SCHMID <; H , KADC’NZ A & OROSCHKL-STEWART L.: Imniiinologk und ihre Anwcndung In der Biologic. 
StuUgi;rt-Ncw York: (Jcorg Ihicmc Vcrlag. 1993.247 pp. Format 190*[20mm. Soflcovcr. price DM 39.-. ISBN 3-13- 
771501-6 

The authors arc specialists in zoology and cell biology afTiliaicd with University and Institute of Technology in Bielefeld and 
Darmstadt(Germany). Unlike numerous medically oriented textbook' nn immunology dealing with clinical problems, the 
authors directed their attention at general biological aspects of immunology They o|«cn here the less known views on immu¬ 
nochemical methods in the field of biological membranes. This volume is well-illustrated by 97 figures composed of 14i) 
partly three cimecstonal or two-coloured schemes, and photographs. Featured here arc diverse cells of the immune system 
ami the cr functions. IgM molecules, various curves, cellular structures, functions olbtological membranes, schemes of anti¬ 
body reactions, and chromatographic methods. In 10 tables presented arc reviews ofdurmcsomc localization ir. the immune 
system genes. Hk* origin and fu notions of cytokines, components of clectronc transport in photosynthesis, polypeptides of the 
tliyluJsoid membrane. Iheccmiposition of the lamellar system, and other biological phenomena. The volume consists of five 
chapters supplied with a list of references to the primary literature. 

Chapter onepresentsa theoretical introduction. Outlined there arc. a short history of immunology, cells and tissues of 
tnc immune system, biologically relevant molecules, receptors, immunoglobulins, variability ol antibodies, the complement 
system, cytokines, and the humoral response. Moreover, emphasized arc: properties of antigens, heterogeneity ar d ptiylo- 
gunic distance of antigens, molecular weight mid compatibility, antigen determinants, antibody formation. regulation and 
evolution of the immune response and other basic terms. 

Chapter two is devoted to antibodies as specilk probes for detection of molecular and various cellular component*, und 
fur the analysis of biological membranes by immunological methods. 

Chapter line* covers antibodies to proteins and low moIccuLarcompounds. Described here arc principles of preparation 
of antibodies to antigens with differentiated iminunogcnicity, to polysaccharides. glycoproteins, piotcins. peptides and nu¬ 
cleic acids, and antigenic substances from various biological substrates. Described line arc preparations of monospecific 
antisera to lerrcdoxin-NADP’-rcductasc and chloroplast lipids, to the phytohotTnoncs and hctbieidcs. 

Chapter four incorporates methodical applications of antibodies while examining ’.heir structure ard measurement. and 
various antibody relictions: direct and indirect agglutinations, quantitation ofamibodicson biological membranes, diffiision- 
in-gul, irmnunoblotting. enzyme immunoassays, inununodcctrriphorotic and oilier procedures. 

Chapter five provides insights into the influence ot antibodies on membrane functions. There is an excmplc of the 
thylakoid a membrane element of chloroplast lamellate structure acting in light reactions ot plmtosymhesis. Using immuno¬ 
logical mctiiods there is possible to study the relation between membrane structure and function, and the suppression of 
clectronc transport in photosynthesis using antibodies. Antibodies may be prepared also from membrane polypeptides, lipids 
OT piemmiLs In conclusion, there is a glossary of basic immunological terms 

This book »s primarily devoted to biologists giving them a reviewing information on general aspects of the immune 
system and detailed prescriptions for experiments in the field of immunology However, it offorsolso to medical immunolo¬ 
gists many interesting anil less usual informative insights and original instructive schemes. 

Jinrirti h Jim 
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Abstract. I opogcnctic shirts of visceral organs relative to the developing spine and segment* bi chick embryo were 
studied. n*»vasJ'cjnil,thanhc developing spine and scgmentSshiCrdalivetothccisecral organs inthc cranial pail of 
the embryonic body (radially, ir the caudal part of the embryonic body candally The stable area, level with the 
segments 22—23 was found. 1 he more distant from the stable me a. the longer the shift observed. The maximal shirt, 
of about Jf 12 segments m length was seen after markings level with the first two or three cervical segments. This 
shirt, indicating m reality the intensive growth of the spine and segments, is responsible for the appearaneo cf the neck. 
The traditionally used terms like the ..descensus cordis" and the ..descent*' of the thyroid gland according out marking 
experiments arc misiiucipfulnlions: in reality the neek and head ore ascending from these organs. 

Growth, topogenpsis, chick embryo, marking, heart 


INTRODUCTION 

The external shape of the embryo, during the process of development, undergoes far-reaching 
changes; elongation, separation from the exlraemhryonic structures, development of the ap¬ 
pendages. Furthermore, the embryonic body is subdividing into essential parts head, trunk and 
rail (for review sec e. g Balinski 1965. Romanoff i960, ere.). In addition, in higher vertebrates a 
new body region appears - the neck. 

In the same time the developing visceral organs increase in size. Their growth, differential 
and in particular cases very intensive, interfere with the relative lack of space in the embryonic 
body. As a result the visceral organs undergo morphological changes and displacements. 

The description, implying the mechanism of the emplacement of developing organs in mutu¬ 
al space relations, or in relations to the embryonic axis, do not always reflect the real mechanism 
of the displacement. Terms, like ^descensus cordis" (liaer 1828) or the ..descent" of thyroid 
gland (Kdlliker 1879) were introduced and arc generally used in textbooks and embryologic 

monographs (e. g. Patter. & Carlson 1974, Romanoff 1960, Starck 1965, etc.) 

Studies, concerning the neck development in the chick embryo (Kiinzel et al. 1986, Seichert 
& Knospe 1987, 1992) revealed the cranially oriented shift of the developing spine and seg¬ 
ments, in relation to the visceral organs, in the cranial part of embryonic body. The shift was 
considered responsible for the thyroid gland displacement during ib development (Knospe et al. 
1991} and the same was suggested for the heart displacement (Seichert & Knospe 1987,1992) 

However, the heart and the liver do not change their spatial relations throughout the whole 
embryonic development. In the same time, the liver develops approximately in the centre of 
embryonic body and keeps the central position throughout the whole development. 



This implies, that contrary to the cranially oriented shift of the developing spine and seg¬ 
ments, in the relation to the visceral organs in the cranial part of the embryonic body, there 
might exist the opposite shift in the caudal part of the embryonic body. The aim of the present 
study is to rest this assumption. 


MATERIAL AND METHODS 

Chick embryos, ranging from embryonic day (c. d.) 3.5 to4 were marked, using a method permitting the formation of lines of 
india mk ^articles in living embryonic tissues (Scichcrt '965,198R). 

The marks were introduced dotsovcntrally in the range between ihc median and the paramedian plane (stiplcd strip in 
Fig. 13 indicates the range of the localisation of the marks) on ditTcrcnt cephalocaudal levels of Ihc embryo. The axial 
structures (spinal cord and notochord) and'or segments and topographically related mesenchyme and visceral organs (see A 
in Fig J) were marked by the continuous stright line. 

The marked specimens were sampled immediately aller the marking as controlcs, or after two or three days of further 
incubation The samples were treated as follows: 

-Fixed in4*/o formaldehyde and microdisscctcd. Very small particles of the mdia ink dispersed within the embryonic tissues 
were studied with great accuracy under the stcteormcroscopc, using magnifications ranging from I0» to 50'. 

- Fixed in 75% ethanol and stained for the cartilage by modified method of Lendval (1927), to gam more accurate informa¬ 
tion of the location of marks, with respect to the skeletal pnmordia 

The deformation of (he originally straight lines of marks and the range of the dispersion of panicles of India ink enabled 
the interpretation of the shifts of visceral organs, 

Kssults were documented by Abbe’s drawing device, or by photography. In repeated experiments the traced shifts were 
plotted against scmidiagrammatic reconstructions cflatCTa I projections of outlines of axial structure* and visceral organs of 
the embryo fin Fig. 6 each maik represents a summary uf findings from't lu 19 embryos). 

The ranee of displacements were measured aproxirruilclJy and were expressed in the ctooiocaudnl dimension of related 
segments The length unite equals thecramocaudal dimension ofor.c segment on the particular level of the embryonic axis 
(see li»c length of line Z in table 1 and in Fig. 6). 


RESULTS 

I Tile doisal purl of the marks (localized in axial structures anti in segments), that was linear, 
was not substantially changed by the further growth of the embryo (Fig. 2 and 6). The shifts of 
the superficial ectoderm, and eventual small shifts between the medullary cord, notochord and 
differentiating sclerotome, were not the subject of the present study. 

2. The linear course of marks was abruptly changed ventually from the differentiating vertebral 
bodies. The liny line oflooselly scatered mark particles (see Fig. 3-6) continued either caudally 
or cranially. 


» 

>igi l 5 I diagram nf the transversal section of the chick embryo ai Hie 4th c. d„ indicating ihc es.Mjntial structures (A), and 
the approximative marked area (stippled strip in c*>. M- the mark introduced in the median plane. M the mark introduced 
in the extreme paramedian plane, a - aorta, v - cardinal vein, h - hepar, i - intestine, n - notochord, p - pulmo. s - segment 
m spinal cord, n — notochord 2 - the embryo marked at the 4th c. d and sampled two days Jatcr. The mark, introduced 
cranially to the first segment (the mark labeled Co in the lab tc) did noichagc essentially its linear course. 3 - deformation of 
three marks, introduced at the 4th c. d level with the scgmci 13 (a). 19 (b) and 25 (c). The marked embryos were sampled 
two days later and photographed after the treatment visualizing ihc cartilage. Lines of the marks a and b bend caudal wards, 
contrary to the cranial ward bended line of the mark c. 4 - deformation of the mark Introduced at the 4th c. d. level with the 
first segment. Descending part of the maik line reaches the lengthsofthe craniocaud2l dimension ofobout twelve segment*. 
The late of Ihc ventral pari of the mark was described in Knospc & Seiche r.( 1991). 5 - the similarly Heated embryo as the 
embryo shown in the Fig 3 The marks were introduced level with the segments 9/10,12.03 and I9r20 rcspcctivclly. Length 
of the bended parts of mark lines arc decreasing craniocatidally. so that the line of the caudal mark is nearly stright (arrow). 
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The bending occured in the majority of experiments, t he exceptions are presented under 
heading 3, 4 and 5, and m Fig. 2 and 6. 

- The line Z was located in the epibranchial mesoderm, in the mos* cranial, supracoelomic part 
of the embryonic body (Fig. 4 and 6). In the part of the embry onic body neighbouring the coe¬ 
lom, the line 7. was located in the loose mesenchyme ventraily to the differentiating vertebra] 
bodies, surrounding the dorsal aorta (Fig. 3 and 6). The same picture was seen in the caudal part 
of the embryonic body. 

- The orientation of the line Z depended on the craniocaucial level of the introduction of the 
mark: lire line was bent caudalwards in the cranial part of tire embryonic body, and cranialwards 
in the caudal parr of the embryonic body (Fig, 3 6). 



Fig. 6. Schematic lateral projections oft he essential parts and organ* ol'chick embryos at the onset (tell) arid at ihooul (right) 
of iho experiments I ..Kill on of the originally Strigbt lines of marks :s indicated in the left part of the ligurc (A-ll) and the 
deformation of marks after further incubation is shown in the right part (A-H). The line '/■ indicates bcih the avciragc shift 
(thccoaunuouspiul) and <hu maxi mill shift (the interrupted pint) of axial structures relative 10 the ventraily located organs. 
Numbers indicate (he number of segments, or die cumber of the corresponding vertebral milage. eo cap&ula otiea. h - Hep.it. 
j mandible, s - shoulder, V- heart 
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Table j Sum/rwrraiion of mcejunanails of lengths of line Z. Marking ihe embryonic «l ay of mark introduction. Level - 
number oflhc segment. indicating the level oflhc mark introduction. Sampled -embryonic day of sampling. Line Z- lengbts 
cf the line Z expressed in the cramccaudal diameter of neighbouring segments (the unit equals the craniocaudal diameter of 
one segment on the particular level oflhc cmbrynmic axis. Symbols indicate the orientation of lines 7, from the point of their 
ahmpt bending: * the line bends eaudalwards, the line bends eranialwarits. Co - marks tnrroduced crailially from die first 
visible segment (up Co the capsuta oficti)- no line Z observed 


Marie mg 

Level 

Number of embryos 

Sampled 

Line Z (range) 

Line Z (average) 

3-5 A.Scd 

Co 

7 

6-7cd 

0 

0 

3.5-Jcd 

J-3 

12 

6-7cd 

8-12 ♦ 

8.90 * 

3.5—led 

9-13 

16 

6-7cd 

4-7 + 

4.45 

3.5--led 

15 17 

19 

6 7ed 

1-3 + 

240 + 

3.5-Aed 

22 2J 

10 

6 ?cd 

0.25 + 
1.00- 

0 27 

3.5-icd 

26-2S 

14 

6-7cd 

1-3.5 - 

2.06- 

3.5--led 

30-32 

5 

6-7cd 

0-1.5- 

(1.40 - 

3.5- 4cd 

34-36 

4 

6 7cd 

0 

0 


Pne length of the line Z depended on the craniocaudal localisation of the mark (see iine Z in 
table 1 and Fig. 6): the more cranial was the origin of the line Z as to the segment 22, the longer 
the line was. Caudally from the segment 23, the situation was quite opposite: line Z was oriented 
crania I wards and its length increased towards the caudal part of the embryonic body (up to the 
segment 26-28, see the table, Fig. 6 and the § 4). 

The measurements of length of the line Z is summarized in the table 1. 

3. The line Z did not develop in marks introduced cranially to the first segment (Fig. 2 and A in 
Fig. 6 and level Co in the table). In such experiments the irregular dispersions of the mark line 
developed instead of the line Z. 

4. None, or neglcctable shifts of the developing spine and segments, relative to visceral organs 
were observed on the level of segments 22 to 23 (see table 1, mark b in Fig. 3, the caudal mark 
in Fig. 5 and Fig. 6). 

5. No shifts were seen from the level of segment 34 caudally (Fig. 6 and Table 1). 

6. At the end of the line Z, the mark line bent vcntrally and marked visceral organs. The fate of 
the ventral part of the mark (Fig. 4) was described in Seichcrt & Knospe (1992), Knospe & 
Seichert (1991). 


DISCUSSION 

The line of scattered mark particles (line Z) indicates the shift of the developing spine in rela¬ 
tion to the vcntrally located organs. The direction of the shift and the interpretation of the 
developing organ displacements are to be discussed. 

bach segment grows in its specific rate (for details see Williams 1910, and review in Romanoff 
I960) and the sum of the unequal craniocaudal increase in size of all segments is responsible for 
the elongation of the embryonic body. There are two observations indicating, according to our 
opinion, rhe existence of an active part of the body responsible for the embryonic organs dis¬ 
placements and actentiimng the direction of their displacements: 

At first, both the existence of the relative stable area (on the level of somites 21-23) and the 
orientation and length of the line Z play the crucial role in the interpretation of the true orient?.- 
lion of displacement: Cranially to the stable area, the line Z was oriented caudalwards. Caudally 
to the stable area, w as the line Z oriented cranialwards. The opposite orientation of the line Z as 
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lo chc stable area indicates active role of the axial structures and segments in the longitimal 
growth of tlic embtyo. The length of the line 7, which is dependent upon lhe distance of the 
mark from the stable area, indicates the orientation of displacements. 

Second, the idea of the active role of the axial structures in the organ displacement and the 
passive role of viscera themselves, is indicated even by the dose space relation of the heart and 
liver (and also of the pulmonal anlage) throughout the whole embryonic dvdopment. 

Visceral organs, in the cranial part of the embryonic body, therefore, do not in reality de¬ 
scend. If this were the reality, the line Z would have been increasing towards the stable area. 
Contrary' to the above mentioned assumption, the axial structures are carried away from the 
space related organs by their own growth. According to these facts the ..ascensus colii et capitis'* 
should be the more appropriate term than e. g. ..descensus cordis". 
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